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THIRTY-THIRD YEAR, 1894-95. 





TuHuRSDAY, October 11, r894. 

THE 461st meeting of the Society or Arts was held at the 
Institute, in the Walker Building, this day at 8 p.m., President Walker 
in the chair. 

The records of the previous meeting were read and approved. 
Messrs. Fred L. Bardwell, Robert P. Bigelow, Peter S. Burns, H. H. 
Carter, R. B. Collins, James M. Crafts, H. M. Goodwin, Simeon C. 
Keith, Jr., James J. Killilea, S. R. Koehler, Frank A. Laws, Richard 
W. Lodge, Arthur A. Noyes, William R. Roney, Harry M. Tyler, 
Willis R. Whitney, Henry J. Williams, Henry. B. Wood, all of Boston ; 
John Alden, of Lawrence, William W. Crosby, of Woburn, and Frank 
E. Sanborn, of Tufts College, were duly elected Associate Members 
of the Society. 

The following papers were read by title: 

“Proposed Formula for White Pine Posts,” by James H. Stanwood. 


“‘Cryoscopic Experiments with the Aluminates and Borates of the 
Alkali Metals,” by A. A. Noyes and‘W. R. Whitney. 














314 Proceedings of the Soctety of Arts. 


“Results of Tests Made in the Engineering Laboratories. I. Ap- 
plied Mechanics.” 

“Some Experiences in Engineering Practice,” by Hon. George 
Duncan. 

“Apparatus for Measurement of Difference in Phase Between 
Alternating Currents,” by Louis Derr. 

The President then introduced Mr. Frederick E. Ives, of Phila- 
delphia, who gave a demonstration of ‘Composite Heliochromy,” 
including triple lantern projection, the photochromoscope, and _ per- 
manent color printing. The paper was very fully illustrated with the 
lantern, and is printed in the present number of the Quarterly. The 
thanks of the Society were tendered to Mr. Ives for his very novel 
and interesting paper. The meeting then adjourned, and the mem- 
bers and their guests were given an opportunity to inspect and test 
the photochromoscope. 





TuursbDAY, October 25, 1894. 

The 462d meeting of the Society or Arts was held at the 
Institute this day at 8 p.m., Professor W. T. Sedgwick in the chair. 

The records of the previous meeting were read and approved. 
Messrs. Horace Dodd, William C. French, George W. Hamblett, 
J. Prince Loud, Samuel P. Mandell, and Franklin W. Pitcher, all of 
Boston, were duly elected Associate Members of the Society. 

The following papers were read by title: 

“Electrolytic Reduction of Paranitrobenzoic Acid in Sulphuric 
Acid Solution,” by A. A. Noyes and A. A. Clement. 

«Studies on the Voltaic Cell,” by H. M. Goodwin. 

“Close Sizing Before Jigging,”” by Robert H. Richards. 

The Chairman then introduced Mr. George C. Whipple, Biologist 
in Charge, Laboratory of the Boston Water Works, who read a paper on 
«Some Observations on the Growth of Diatoms in Surface Waters.” 
The paper* was illustrated with the lantern, and was printed in the 
October number of the Quarterly. At its close Mr. Desmond Fitz- 
Gerald and Dr. T. M. Drown spoke briefly of the practical value of 
a biological laboratory in the management of a city’s water works, 
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and especially in commendation of Mr. Whipple’s work for Boston. 
A general discussion followed, closed by the Chairman, and the meet- 
ing adjourned. 





Tuurspay, November 8, 1894. 

The 463d meeting of the Society oF Arts was held at the 
Institute this day at 8 p.m., President Walker in the chair. 

The records of the previous meeting were read and approved. 
Messrs. William S. Hadaway and Frank H. Thorp, of Boston, Archi- 
bald T. Martin and Walter L. Martin, of Chelsea, Edward S. Morse, 
of Salem, Albert Ball Tenney, of Everett, George K. Thompson, of 
Malden, Charles R. Walker, of Cambridge, and George C. Whipple, 
of Newton Centre, were duly elected Associate Members of the 
Society. 

Mr. Blodgett, for the Executive Committee, proposed an amend- 
ment to the By-Laws, making the quorum of the Executive Commit- 
tee three instead of four, as at present. Under the rules it was laid 
over until the next meeting. 

The President then introduced Mr. William Danmar, of Brooklyn, 
who read a paper on “The Colonial Style of Architecture.” The” 
paper was very fully illustrated with the lantern, and is printed in the 
present number of the Quarterly. The President extended the thanks 
of the Society to Mr. Danmar, and declared the meeting adjourned. 





Tuurspay, November 22, 1894. 

The 464th meeting of the Society or Arts was held at the 
Institute this day at 8 p.m., Dr. T. M. Drown in the chair. 

The records of the previous meeting were read and approved. 

The following papers were read by title: 

“Results of Tests in the Engineering Laboratories. II. Steam 
and Hydraulic Tests.” 

“The Summer School of Mines,” by Robert H. Richards. 

Action on the proposed amendment to the By-Laws was post- 


poned until it should have been approved by the Committee of the 
Corporation. 
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The Chairman then introduced Mr. Arthur D. Little, of Boston, 
who gave an address on “ Paper-Making and the New Uses of Wood 
Fibre,” and showed a large collection of specimens illustrating it. 
The Chairman extended the thanks of the Society to Mr. Little, and 
declared the meeting adjourned. 





TuHuRSDAY, December 13, 1894. 

The 465th meeting of the Society or Arts was held at the 
Institute this day at 8 p.m., Mr. George W. Blodgett in the chair. 

The records of the previous meeting were read and approved. 
Messrs. Amos Binney, of Boston, Charles F. Warner, of Cambridge, 
and Leonard C. Wason, of Brookline, were duly elected Associate 
Members of the Society. 

Mr. I. H. Farnham, of the New England Telephone and Telegraph 
Co., read a paper on “Electrolysis of Pipes—the Cause and Pre- 
vention.” The paper was fully illustrated with the lantern. The 
meeting then adjourned. 


CLEMENT W. ANDREWS, Secretary. 
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COMPOSITE HELIOCHROMY. 


By F. E. IVES. 


Read October 11, 1894. 


ComposiTE Heliochromy is a system of photography which is 
capable of automatically and accurately reproducing the colors of any 
objects that may be photographed, although the direct action of light 
upon the sensitive plate does not produce colors, but only a record of 
colors, which record is afterwards translated into color again to the 
eye by either of two distinct methods. Three negatives are required 
to produce the color record, because there are three colors that can be 
made to reproduce all others by mixture in suitable proportions.! It is 
the function of the negatives to secure a correct mixture of these 
three colors in the composite color photograph. 

The three colors which will mix to reproduce all others are the 
spectrum red below Fraunhofer line C, the spectrum green at E, and 
the violet above G. Equal parts of the green and red produce a very 
perfect yellow, and mixtures in other proportions produce all shades of 
yellow-green and orange. Equal parts of the violet and red produce 
a bright pink, and equal parts of the green and violet produce a bright 
cyan-blue, A mixture of the three in correct proportions produces 
a perfect white. 

The colors produced by such admixtures are not, however, physic- 
ally identical with the spectrum colors which they represent to the 
eye, and appear to be so only to people having normal color vision and 
under normal conditions. For instance, even to a person of normal 
color vision the mixture of red and green may be made to appear 
either red or green by interposing suitable color screens which do not 
alter the hue of the spectrum yellow in the least. 

This method could not, therefore, be said to actually reproduce 
all natural colors if colors were objective, as taught by Newton and 





‘A partial exception is the spectrum blue-green, which is slightly degraded by admixture 
of white in the reproduction. 
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Brewster. But color is merely a sensation, like the feeling of heat, 
cold, etc., and therefore to produce the same effect upon the nerves 
of vision is to produce the same sensation, which is the same color. 

The explanation of all this is, briefly, that there are three funda- 
mental color sensations, which, it is convenient to assume, are due to 
three kinds of nerves in the eye (although some other explanation 
may eventually be found), and most of the spectrum rays excite two 
fundamental sensations at once, in different degrees. Maxwell be- 
lieved that the red rays below C, the green at E, and the violet near 
G, the only colors which can be made to reproduce all others, excited 
exclusively the respective fundamental color sensations. By means of 
a very ingenious optical device, which is known as Maxwell’s color 
box, he reproduced all of the other spectrum colors to the eye by 
mixtures of these, and plotted curves showing exactly what mixture 
was necessary to reproduce the color of any point in the spectrum, 
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Recent investigations have established the fact that the green of 
the spectrum does not accurately represent the fundamental green 
sensation, but that sensation degraded by considerable admixture of 
red and a little violet. But there is no other means of exciting the 
green sensation so exclusively in a person having normal color vision 
as by exposing the retina to these particular spectrum rays, and a suc- 
cessful system of composite heliochromy must therefore be based upon 
such measurements as were made by Maxwell. Abney has obtained 
somewhat more accurate results, but the differences are of very little 
practical importance in this connection, because they are due chiefly 
to the use of purer colors with which to make the mixtures, and Max. 
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well’s “fundamentals”’ are as near correct as anything which it is prac- 
ticable to use for reproduction purposes in composite heliochromy. 

The application of Maxwell's color curves to composite helio- 
chromy is most readily shown by assuming that we wish to reproduce 
the spectrum itself. We know that in order to do so we must mix 
the three colors which Maxwell assumed to be the fundamentals, and 
that for each part of .the spectrum we must mix them in the propor- 
tion indicated by the height of the color curves in the diagram. One 
negative represents the red, and all of the spectrum rays from A to E 
must act in producing it in such proportion that it will show a distri- 
bution of density corresponding to the first curve of the diagram. We 
may secure this by exposing through a suitable orange-colored screen 
a rapid gelatine-bromide plate sensitized by cyanine, or the same re- 
sult can be obtained with commercial “isochromatic”’ plates by expos- 
ing through a compound celor screen of brilliant yellow and fuchsine. 
Another negative which represents the green must show a density 
curve corresponding to the second curve in the diagram, and another, 
representing the blue-violet, a density curve corresponding to the third 
curve in the diagram. These negatives can also be made on “ isochro- 
matic” plates by exposing through suitable color screens. These 
three negatives constitute, by their distribution of light and shade, 
a record of all the colors of the spectrum, and represent the first stage 
of the process of composite heliochromy, which is the same for all 
objects, because a procedure that will secure a correct reproduction 
of each and every separate spectrum color must reproduce all mixed 
colors as well. 

Our color record in no way suggests color, but if we make lantern 
slides from it and project one with red light, one with green, and one 
with blue-violet in proper register upon the screen, the mixture of the 
three colors, regulated by the variations of density in the positives, 
will produce a perfect reproduction of the spectrum we photographed. 

The process as described seems complicated and roundabout, but 
the production of the color record has been so simplified by the inven- 
tion of a special camera that it is exactly as easy as the production of 
an ordinary photographic negative, the three images being made by 
simultaneous exposure on a single plate. It was necessary to simplify 
the operation of the process in this way in order to make it available 
to unskilled operators, or even to make it reliable in the hands of the 
most skillful. It was also desirable to provide a means of translating 
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the color record into color more simple and convenient than by lantern 
projection, and this is accomplished in the photochromoscope, a table 
instrument not much larger than a stereoscope. In this instrument 
each of the monochrome images of the chromogram is seen through 
its appropriate color screen, but the three are blended into one on the 
retina, reproducing the colors so perfectly that one appears to see the 
object itself instead of a picture. 

The photochromoscope and photochromoscope camera and process 
constitute a method of reproducing the natural colors which is as 
simple in operation as stereoscopic photography. And the instru- 
ment can, of course, be made stereoscopic, so as to combine stereo- 
scopic relief with color. Nachet, of Paris, claims to have done this 
in a new instrument of his own design, in which one eye sees the red 
and green images (blended into one) and the other eye the blue-violet ; 
but this instrument is really very defective, both as a stereoscope and 
as a photochromoscope. It is defective as a stereoscope, because the 
images seen by the two eyes are different in color, which tires the 
eyes ; and the stereoscopic effect is also imperfect for strongly colored 
objects, which are sometimes scarcely visible in one image, while 
strongly defined in the other. It is defective as a photochromoscope, 
because colors cannot be perfectly blended except upon the same 
retina, the impression being a changeable one, as the attention is in- 
voluntarily and unconsciously shifted from the sensation in one eye 
to that in the other in rapid succession. This curious effect may be 
seen by placing a deep ruby-red glass in front of one eye and a deep 
green in front of the other, and looking at a white object ; with yellow 
and blue glasses the effect is of the same character, only less marked 
and irritating. In my own stereochromoscope each eye sees an image 
complete in color and detail, and it is only necessary to cover some of 
the positives, so as to practically convert it into a Nachet instrument, 
in order to make the result intolerable by comparison. 

By an extension and further complication of the system perma- 
nent color prints can be made, either as transparencies on glass, suit- 
able for lantern slides, or prints upon paper; but absolutely satisfac- 
tory results can be obtained only in the photochromoscope, and in my 
opinion all other applications of the system are of less importance, 
because they are more complicated, more difficult, and less perfect in 
proportion to their complication. 

The production of permanent color-print lantern slides, however, 
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promises to become sometime in the future an important industry. 
Already it has reached such a stage of perfection in my own hands 
that although it costs far more to make these pictures than ordinary 
hand-painted ones, the results are so exquisite that I doubt if anybody 
would use painted slides who could get these at ten times the cost; 
and I think their first use as popular lecture illustrations this year 
will mark the commencement of a new era in lantern lecture work. 

These lantern slides are made from the photochromoscope nega- 
tives by a comparatively simple process, which is not difficult to carry 
out, except that it requires a master of the science of the subject to 
recognize and keep to the conditions which guarantee a high degree 
of accuracy in the results. A thin sheet of clear celluloid coated with 
bichromatized gelatine is exposed to light under the negative, the 
light passing through the celluloid to the sensitized gelatine. The 
resulting print, which shows the three images of a chromogram in a 
delicate brown color, is placed in hot water, which dissolves away all 
of the gelatine that is not rendered insoluble by the action of light 
and leaves the images in very low relief in transparent gelatine, the 
shadows of the pictures being represented by various thicknesses of 
the gelatine and the extreme high lights by clear celluloid. The three 
images are then cut apart with scissors and each colored up by soak- 
ing in a solution of a dye the color of which is nearly complementary 
to the fundamental sensation which that image represents. The dye 
does not color the celluloid, which merely serves as a support for the 
gelatine picture, but is taken up by the gelatine in proportion to its 
thickness. Relatively too much or too little color in any one print 
will destroy the accuracy of the coloring in the composite whole, and 
in practice it is almost always necessary more than once to wash out 
the color and immerse in the dye again for a longer or a shorter time. 
The colored prints are superposed so as to bring the three images into 
register and make them appear as one, and if the deepest shadows are 
then a neutral black the colors should be right throughout all the 
shades of the picture, and will be, if the correct printing colors are 
used and the known theoretical conditions of success adhered to. 
When satisfactory, they are cemented up between glasses with Canada 
balsam and fastened by a paper binding on the edge. 

In triple lantern projection and in the photochromoscope the 
image of the red sensation is projected with red light, the green with 
green light, and the blue-violet with blue-violet light. In three-color 
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printing the image of the red sensation is a cyan-blue print, the green 
a pink print, and the blue-violet a yellow print. This is confusing to 
most people, but it is easy to show that it comes to the same thing. 
When we have made a white disk on the screen by means of the triple 
lantern and its red, green, and blue-violet lights, we shall find that if 
we insert a positive in the red section the result upon the screen is 
a cyan-blue picture on a white ground, looking exactly like the cyan- 
blue print we have to make from the negative of the red sensation in 
three-color printing. The same for the other images, which are pink 
and yellow. We get no black shadows on the screen until there is a 
positive in each section. In the same way we get no blacks in three- 
color printing until all three prints are put together. 

The function of the uncolored positive in triple projection and the 
colored positive in triple printing is, therefore, the same, 2.¢., to sup- 
press by its shadows those rays which excite powerfully the funda- 
mental sensation which that positive represents. In triple printing 
the positive of the red sensation is a cyan-blue, which absorbs first of 
all the red and orange rays, but also, progressively, the yellow and 
green-yellow, freely transmitting only those which excite most exclu- 
sively the other two sensations. The positive of the green sensation 
is a pink, which absorbs first of all the green rays, but also, progress- 
ively, the yellow and green-blue. The positive of the blue-violet sen- 
sation is a yellow, which absorbs first of all the violet rays, but, pro- 
gressively, the blue and blue-green. These colors are called the 
printing colors, and are the only ones that are capable of reproducing 
all others by absorption, as red, green, and blue-violet light will by 
mixing, 

It will be observed that the printing colors are not “red, yellow, 
and blue,” but pink, yellow, and green-blue. The fundamentals are 
obtained by superposing films of these colors two and two. Thus, 
it requires a combination of the pink and yellow to produce red, the 
pink and cyan-blue to produce true violet-blue, and the cyan-blue and 
yellow to produce green. Each printing color represents the abstrac- 
tion from white light of one of its fundamental color elements, and 
Captain Abney has therefore suggested that the fundamentals be 
termed + R, + G, + V, and the printing colors — R, — G, — V. 
The fundamental violet is the spectrum color, and not the violet of 
commerce, which is a purple. 

By a still further extension of the system prints are made on 
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paper by machine printing, with half-tone process blocks. We have 
heard a great deal of this method for two years past, but it is not, in 
my opinion, capable of competing with chromolithography for com- 
mercial purposes at the present time. The photochromoscope system 
is the only one that can be made practically available by amateur pho- 
tographers, and the results are almost ideally perfect. The lantern 
slide process is far more difficult to carry out in a perfect manner, 
and the results, although beautiful, are certainly not quite so perfect. 
The machine printing process is still more difficult to carry out in a 
really satisfactory manner — so much so as to make it at present com- 
mercially impracticable and the results are at best very inferior. 
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THE COLONIAL STYLE OF ARCHITECTURE. 


By WILLIAM DANMAR. 
Read November 8, 1894. 


THE main cause of the failure of development of a modern Amer- 
ican style of architecture is the fact that, in consequence of the so 
much extended means of communication and publication, we know 
now the styles of every country and every period, and are so over- 
whelmed by this immense amount of varying architectural produc- 
tions that we cannot as yet concentrate our efforts in one particular 
line and work in one particular style. 

The history of architecture shows that a style was the natural out- 
growth of the concentrated evolution of the entire architecture of 
a nation or a period. During the eighteenth century the conditions 
in America were favorable for the development of a distinct style, 
because this country was isolated and the knowledge of architecture 
limited to one style, that of the later Renaissance; and such limitation 
will always result in the development of a new style. In this country 
it resulted in the colonial style of architecture, which is really the 
only one that can be termed distinctly American. Since this style 
has in late years been revived and become the leading one for country 
residences, the study of it is interesting, both from the historical and 
professional standpoints. 

The architectural profession uses the term of ‘Colonial Architec- 
ture”’ to indicate the architecture in America from the beginning of 
colonial times to the introduction of Greek architecture at the begin- 
ning of the present century ; consequently some forty years of the 
existence of the republic are included, which shows that the change 
of government did not produce a change of the style of architecture. 

The colonial style is identical with the style of the American 
Renaissance, or the American branch of the great new birth of 
Roman art, and especially of the later Renaissance of the eighteenth 
century, which in every country of the civilized world was altered and 
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adjusted to the various conditions to such an extent as to produce 
a number of national Renaissance styles. Our colonial style is one 
of them; it is, therefore, just as much a national style as, for instance, 
the English or the German or the French style of the Renaissance of 
the eighteenth century. 

There are three periods of colonial architecture : first, the colonial 
period of the seventeenth century ; second, the provincial period, from 
the beginning of the eighteenth century to the time of the Revolution; 
and third, the federal period, from the birth of the nation to about the 
year 1815, when the stout Greek porticoes made their appearance. 
Colonial architecture is also subdivided into three branches: the 
English colonial of New England, the Dutch colonial of New York 
and vicinity, and the French colonial of the South. The colonial 
architecture of New England is considered the best and most elabo- 
rate, and has therefore been made the basis of the modern revival 
of the style which began in Boston and has now spread all over the 
country. 

The architecture of the colonial period was necessarily crude and 
plain, owing to the limited facilities for artistic work. The Fairbanks 
house in Dedham, Massachusetts, built in the year 1636, is one of the 
oldest, if not the oldest, frame dwelling house in New England. There 
are also a number of frame cottages in Concord, Massachusetts, of the 
seventeenth century, of which the Minot house is one of better design 
than most of them. All these buildings, however, which are now 
ruins, do not yet show a style of their own, but are simply imitations 
in wood of the stone architecture of Europe; yet this very imitation 
was the main cause of the gradual development of the colonial style, 
for there is nothing influencing architecture so much as the material 
of which it is made. 

There is one building of the colonial period of the seventeenth 
century on which one of the principal features of the colonial style 
originated ; it is the Unitarian Church at Hingham, Massachusetts, 
built in the year 1681. It still exists, and is now the oldest church in 
America; it is not a ruin, but in good condition, because the exterior 
woodwork has been renewed twice and the best care has been taken 
of it. But it is only by careful repairs that this sole relic of the 
Puritan wooden meeting houses of the seventeenth century has been 
preserved so long; all the others have rotted away. The architects 
of the meeting house at Hingham were old sea captains, who prepared 
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for themselves a gallery at the top of the large, plain, hip roof by 
creating a small deck roof with a slender turret in the center and a 
railing around it. On this roof gallery the sea captains then stood 
and observed the ships on the near-by water, as they did before from 
the ship’s bridge; for this reason that old meeting house was, and is 
still, called “the Ship,” or by this time, “the old Ship.” The gallery 
on the roof was imitated, became a matter of fashion, and finally one 
of the principal features of the colonial style, which we find again on 
almost every important building of the eighteenth century, where in 
some cases it was elaborated to what is termed “the sky parlor.” 

The provincial period, consisting of the first three quarters of the 
eighteenth century, produced more elaborate buildings, on account of 
the growing wealth of the country and the increased facilities for 
obtaining implements and materials. The greatest feature of the 
architecture of this period was the gambrel roof, which was highest 
developed at about the middle of this period. The Greenough house 
in Jamaica Plain, built in 1730, and the Dalton house in Newburyport, 
built in 1750, are still existing prominent representatives of the gam- 
brel roof architecture of the provincial period. But its most promi- 
nent representative was the Hancock mansion in Boston, which has 
in late years been torn down to make way for modern improvements. 
It was built in the year 1737 by Thomas Hancock, and after his death 
came into the hands of Governor John Hancock; who made it a center 
of colonial society. The Hancock mansion, which is shown in our 
illustrations, was built of brown stone and had a fine gambrel roof, 
with three dormer windows to the front, a railing on the deck roof, etc. 
Over the entrance door was a balcony, and the balcony door was 
adorned with a cap that terminated with the volutes of the barock 
style. This building has become the pattern for a large number of 
modern buildings of the colonial style, and has also been the model 
for the Massachusetts House at the Chicago Fair. Our second picture 
shows a modern house in Andover, Massachusetts, designed by Mr. 
Kelly, of Boston, in the style of the gambrel roof architecture of the 
first half of the provincial period. Since the Hancock mansion is the 
principal pattern for these buildings of the modern revival, we may 
term this “the Hancock House Colonial Style.” 

After the year 1740 the hip roof with roof gallery took the 
place of the gambrel roof, especially on brick buildings, because it 
saved the brickwork of the gables. The Pettingrew house in Ports- 
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mouth, New Hampshire, and the Emerton house in Salem, Massachu- 
setts, are fine specimens of those plain, square, hipped-roofed brick 
houses of the middle of the eighteenth century, which have found 
but little imitation in modern times. But that feature of colonial 
architecture which more than any other entitles it to a style of its 
own had by this time been well developed, and that is, the excep- 
tionally slender proportions of details. The minute dentals, moldings, 
papicr-maché ornaments, so very delicate and fine, are all consequences 
of the fact that the art forms or trimmings of all these buildings, even 
of the brick buildings, were made of wood, which not only permitted 
but really called for such delicacy. In this respect of details, the 
colonial style has deviated further from classical proportions than 
any other style of the Renaissance. This “delicate feeling” of 
colonial details has been credited to “the refinement of the colonial 
people,” which, I think, is a decided mistake; for, not considering 
whether there was such a special refinement or not, which I doubt, 
the mere fact that these details of stone architecture were imitated 
in wood gives a sufficient technical explanation of their development 
into these slender and fine proportions, which reached their almost 
“unnatural’’ culmination on the mantles of the federal period. 

In the year 1759 a man by the name of Craigie erected a fine 
mansion in Cambridge, Massachusetts, which is now called “the Long- 
fellow house,” because it has been the residence of the poet Longfel- 
low. During the Revolutionary War it was the headquarters of Gen- 
eral Washington. . This building, of which we show a view, marks the 
beginning of the style of the federal period, and is still its main rep- 
resentative. The Taylor house in Dorchester, built in 1780, and a 
number of other grand old mansions of the federal period are largely 
patterned after the famous Craigie mansion or Longfellow house. Its 
principal features are a large hip roof with a roof gallery, and in the 
center a gable with a semi-round window flanked by two dormer win- 
dows. At each end of the building is a wide piazza, and the front 
wall is adorned with four heavy pilasters of the barock style. These 
principal features are very good and well proportioned, while the 
details are rather heavy and not as strictly colonial as those of other 
buildings of that period. But the general outlines of the Longfellow 
house have become great favorites in the modern revival of the style, 
even more so than the outlines of the Hancock house; therefore “the 
Longfellow House Colonial Style’”’ is now the second principal branch 
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of that architecture. The fourth picture shows a modern cottage in 
Brookline, which is designed in the Longfellow house colonial style, 
though it varies in many details from the original. 

Besides these two principal branches there are other less impor- 
tant branches of the style ; one of them is represented by the Babson 
house in Newburyport, which has been the pattern for a very fine 
modern mansion in Braintree; this branch is similar to that of the 
Longfellow house, except that instead of a center gable it has a third 
dormer window on the front roof. Another branch of the style is 
patterned after the Watson house in Providence, Rhode Island, now 
torn down; it has an additional railing at the foot of the large hip 
roof, directly over the outside walls. 

Among the modern cottages of the colonial style there are some 
which show an attempt to combine to a harmonious design all the 
principal features of the style of the federal period, which should 
really be termed “the Federal Style of architecture.’’ A very suc- 
cessful and most beautiful building of this kind is the grand colonial 
mansion of Mr. Gordon Reed, in Cowesett, Rhode Island, designed 
by Gould & Angell, of Providence. A number of other similar man- 
sions in New England are also quite complicated designs in this style ; 
they are somewhat too complicated and too “broken up” for colonial 
mansions, but they show that the architecture of the federal period 
furnishes us enough varying details to answer for all purposes; and 
this will be the more so after the architects or students of archi- 
tccture have brought to light all there is in that architecture (for 
there can be no doubt but that there is a great deal more in it than we 
have got out of it so far) and then have systematized it and placed it 
in the hands of the profession “ready for daily use.” Those who 
should do that would do a great service to the national architecture 
of this country. 
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STUDIES ON THE VOLTAIC CELL} 


By H. M. GOODWIN, Pu.D. 


Received October 19, 1894. 


INTRODUCTION. 


Or the many scientific problems which have presented themselves 
during the last century for solution, probably no single one has excited 
more universal interest or been more widely discussed than that of the 
origin of the electromotive force in the voltaic cell. As is well known, 
opinion as to the cause of the development of electrical energy in the 
cell has from the very first been more or less equally divided, the views 
of the two respective schools being set forth in the well-known chemt- 
cal and contact theories. It is not proposed in the present paper to 
reénter upon any discussion of these repeatedly contested views. Pro- 
fessor Lodge’s? admirable résumé and discussion of the whole sub- 
ject a few years since leaves, indeed, little to be added; and with 
the principal conclusion of his paper, namely, that the true seat of 
the E. M. F. of a cell is at the metal-liquid junction, I wholly agree. 

But in tracing back the principal seat of E. M.F. to the metal- 
liquid junction, only the first step towards establishing a satisfactory 
theory of the cell is made. There still remains the more fundamental 
question as to what energy transformation takes place when a metal 
and liquid are brought in contact, and of formulating a theory by 
which the potential difference (?. D.) thus produced can be calculated 
from other measurable physical quantities. That thermochemical data 
of the reactions taking place in a cell alone furnish no true measure of 
the E. M. F. is now well known from the investigations of Gibbs and 
v. Helmholtz. To what energy transformation shall we then ascribe 
the development of voltaic electricity ? 

For a satisfactory answer to this question we have in the first 





‘Translated and rewritten, with omission of experimental details of the investigation, 
from Zeitschrift fiir physikalische Chemie, 13, 577, 1894. 
? Lodge, Philosophical Magazine, 19, 561, 1885. 
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instance to thank Professor Nernst,! who, in his paper on the Elec. 
tromotorische Wirksamkeit der Ionen, not only developed a theory 
of liquid cells, which has been well confirmed by experiment, but also 
a theory of the development of electrical energy at the junction of a 
metal and liquid. This theory, which for reasons will appear directly 
may appropriately be called the osmotic theory of the cell, was further 
developed and followed out in its consequences by Ostwald in 1893, with 
the result that in all probability the following general law holds true: 
The P.D. between a metal and a liquid ts determined by a constant 
' characteristic of the metal (its electrolytic solution pressure) and by the 
partial osmotic pressure of the kathions of the metal in the solution. 

This law may be considered as an extension of Nernst’s original 
statement of the theory, in as much as it should hold for very small as 
well as greater concentrations of the kathions. As no experimental 
data by which this generalization of the theory could be tested was at 
hand, I undertook, at the suggestion of Professor Ostwald, an investi- 
gation with this point in view, the results of which are embodied in 
this and a following paper. It is with pleasure that I take this oppor- 
tunity of expressing to Professor Ostwald my sincere thanks for the 
interest and numerous suggestions which he accorded me throughout 
my work. 

Before considering the experimental part of this investigation it 
seems desirable to review and formulate the fundamental ideas on 
which the theory rests, especially as a statement of the osmotic theory 
has not as yet appeared in English. The development here given is in 
accordance with the most recent investigations, and differs, therefore, 
somewhat from that originally given by Nernst in 1889. 


OsmoTic THEORY OF THE VOLTAIC CELL. 


A reversible electrode may be defined as one whose surface re- 
mains chemically unchanged, or, in other words, does not become 
polarized by the passage of a current through it in either direction. 
For convenience we will divide, with Nernst, all reversible electrodes 
into two classes, namely : 

Electrodes of the first kind, consisting of a metal in a solution of one 
of its salts, ¢.g., zinc in zinc chloride, copper in copper sulphate, etc. 





* Nernst, Zeitschrift fiir physikalische Chemie, 4, 129, 1889. 
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Electrodes of the second kind, consisting of a metal in a solution 
which is saturated with a more or less difficultly soluble salt of the 
metal, and contains in addition a second soluble salt whose anion is 
identical with that of the first salt, ¢.g., mercury in a zinc sulphate 
solution containing an excess of mercurous sulphate, one of the elec- 
trodes of the well-known Clark cell. We will call the salt with which 
the solution is saturated the depolarizer. Regarding its solubility we 
will make no assumption whatever ; it may be comparatively soluble or 
may belong to the class of so-called insoluble salts, the one condition 
to be fulfilled being that it shall be present in excess, so as to insure 
saturation of the solution with respect to it. 

Elements made up of two such reversible electrodes, be they both 
of the first kind, as in the Daniell element, or one of the first and one 
of the second kind, as in the Clark element, or, finally, both of the sec- 
ond kind, are themselves reversible’and belong to the class of constant 
elements. In what follows it is to such elements alone that our con- 
siderations will apply. 

If we consider any closed element of the above type it is clear that 
the E. M. F. is equal to the sum of the potential differences at the sev- 
eral heterogeneous junctions in the circuit. In general these junctions 
are : 


1. Metal-liquid. 
2. Liquid-liquid. 
3. Liquid-metal. 
4. Metal-metal. 


As I and 3 are the same, there are really but three different 
junctions to consider. We will consider them each in turn. 


MeETAL—METAL JuNcTION.? 


A satisfactory theory to account for the development of electrical 
energy at the junction of two different metals, it must be admitted, 
has not as yet been proposed. The several explanations which have 
been put forward by Lodge, Ostwald, and others are little more than 


possible hypotheses, with hardly the claim to the consideration of a 
theory. 





*It need hardly be mentioned that the contact force here considered is not to be con- 
founded with the “volta effect,” 7. ¢., the P. D. of a metal-gas junction. 
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Regarding the magnitude of this P. D. we know much more, how- 
ever. Although not directly measurable by the ordinary electrometer 
or galvanometer methods, its true value has been repeatedly indirectly 
measured by the Peltier effect and by the known relation between the 
thermo-electric coefficient of a metal pair and its potential. Deter- 
minations of the true contact force of metals by these methods have 
proved it to be very small, rarely exceeding a few milli-volts except 
for a few exceptional combinations, such as antimony and bismuth. 


It may usually be neglected, therefore, in comparison with the total 
E. M. F. of a cell. 


Liguip-LiguibD JUNCTION. 


The existence of a P. D. at the junction of two liquids has been 
known since the time of Volta, and numerous investigations have been 
carried out to determine its cause. Until very recently, however, no 
results of a general character were obtained. All attempts to explain 
this development of electrical energy by chemical actions taking place 
between the solutions proved fruitless, as it was shown by Worm 
Miiller that very considerable potential differences existed between 
solutions having no chemical action whatever on each other. That 
the effect was dependent on the relative concentration of the solutions 
in contact and on their nature was, however, well established by these 
earlier investigations. 

The first step towards the solution of this problem was made by 
v. Helmholtz in 1882, who showed by purely thermodynamical con- 
siderations that the E. M. F. of certain concentration elements could 
be calculated from the vapor pressures of their solutions and Hittorf’s 
transference numbers. It was not until 1889, however, when Nernst, 
armed with the modern theory of solutions and the dissociation theory, 
took up the problem, that a clear conception of the phenomena taking 
place at the junction of two electrolytes was reached. He had already 
shown a year previous in a paper on the diffusion of electrolytes that 
a P. D. must be developed at the junction of two electrolytes when 
brought in contact with one another, its amount depending on the 
difference of the velocity of migration of the ions present and on 
the relative concentration of the solutions. 

By choosing suitable electrolytes, as potassium chloride, for ex- 
ample, in which the velocity of migration of both anion and kathion 
is nearly the same, the P.D. at the liquid junction can be reduced 




















Studies on the Voltaic Cell. 333 


to practically zero. Under any circumstances the P. D. of liquid ele- 
ments is small. The further development of Nernst’s theory by 
Planck and its excellent confirmation by the investigations of Neg- 
bauer have put the theory of liquid cells on a sure and calculable 
basis, at least as far as binary electrolytes are concerned.!. We shall 
in what follows choose our solutions such as to make this P. D. either 
negligible or so small that it can be regarded as a small correction 
term, and may therefore without further ado dismiss this source of 
E. M. F. from our considerations. 


METAL—LIQUID JUNCTION. 


We must from the preceding considerations seek the principal 
seat of the electromotive force of a cell at the metal-liquid junction. 
Indeed, independent of all speculation, we are driven to this conclusion 
at once in the case of a rather remarkable element consisting of silver 
electrodes immersed in normal solutions of silver nitrate and potas- 
sium cyanide, respectively, which has an electromotive force of over 
a volt. Here the P. D. at the silver-silver junction is necessarily zero, 
at the liquid-liquid junction a few hundredths of a volt at most, from 
which there remains no other alternative than ascribing the very con- 
siderable E. M. F. of the element to the potential differences between 
the electrodes and the solutions. 

To explain now the development of electrical energy on bringing 
a metal in contact with a liquid, we must assume that no substance 
when brought into a liquid is absolutely insoluble. That such must 
be the case is a consequence both of the thermodynamical and of 
the kinetic theory of solutions. The solubility may be so small as 
to be quite beyond all chemical means of detection, yet nevertheless 
a definite solubility must be ascribed to every substance in every 
other under given conditions of temperature and pressure. When a 
substance is brought into a solvent not saturated with respect to it, 
solution at once takes place until the concentration of the variable 
phase, z.¢., the solution, reaches a perfectly definite amount, when 
solid substance and solution are in equilibrium with each other. If, on 
the other hand, the solution into which the substance is brought is 





* For a complete treatment of the theory of liquid, concentration, and diffusion elements, 
see Ostwald, Lehrbuch, II, 1, 831 (2d editicn, 1893), and the original papers of Nernst, 
Zeitschrift fiir physikalische Chemie, 4, 129, 1889; Planck, Annalen der Physik und Chemie, 
39, 161, 1890; ibid., 40, 561, 1890; Negbauer, ibid., 44, 737, 1891. 
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supersaturated, precipitation takes place until, again, the same con- 
centration characteristic of the equilibrium between the substance 
and solution is reached. Exactly analogous considerations, of course, 
hold for the equilibrium of liquid and vapor. In other words, we 
may say that when equilibrium is established between a liquid and its 
vapor or a solid and its saturated solution the condition energy of the 
one phase is held in equilibrium by the volume energy (either as 
gaseous volume energy or osmotic energy) of the other. 

These considerations hold true whether the process of solution is 
a simple one, as is the case of many organic substances where the dis- 
solved substance goes into solution as molecules, or whether it is ac- 
companied by electrolytic dissociation, as in the case of the solution 
of acids, bases, and salts. In the latter case, however, there exists 
simultaneously with the equilibrium between solid substance and dis- 
solved molecules a second equilibrium between these latter and their 
dissociation products, the ions. These two conditions are formulated 
in Nernst’s two laws of solubility effect, which wil’ be discussed at 
length later on. 

As the condition of equilibrium between a substance which dis- 
sociates and its solution is more complicated than that of a simple 
molecular solution containing no ions, it is not astonishing that the 
condition of equilibrium between a metal and a liquid is still more 
complicated, for in this case a further peculiar condition must be ful- 
filled, namely, that, as far as we know, a metal can go into solution 
only as positively charged ions. 

With this condition in mind let us consider the equilibrium be- 
tween a metal and liquid a little nearer, and, in the first place, a case 
analogous to that of a substance brought into an unsaturated solution, 
e.g., zinc in a solution of a zinc salt. The salt is, of course, more or 
less dissociated into its ions according to the concentration of the 
solution. Let the partial osmotic pressure of the Zn-ions be denoted 
by g. As soon as the zinc is brought into this solution it begins to go 
into solution as positively charged ions. The exactly equal quantity of 
negative electricity which must necessarily be simultaneously set free 
remains on the zinc electrode, thus charging it negatively; in other 
words, a P. D. is instantly developed between electrode and solution. 
The negatively charged zinc now attracts electrostatically the posi- 
tively charged Zn-ions in the solution, thus forming a “double layer,” 
first described by Helmholtz, and this attractive force, acting in the 
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same direction as the osmotic pressure of the zinc ions, tends to 
prevent further solution of zinc. By Faraday’s law each gram equiva- 
lent of an ion carries with it the enormous quantity of electricity of 
96,540 coulombs ; hence the electrostatic attraction resulting from an 
exceedingly small, indeed unweighable, number of ions sent out from 
the zinc, very quickly becomes enormous. The equilibrium between 
zinc and solution will, in fact, on account of the enormous increase 
in the electrostatic attraction with increasing solution of metal, 2. ¢., 
formation of ions, be reached practically instantly, under which con- 
dition the zuztensity of the condition energy of the zinc tending to 
send Zn-ions into solution is exactly balanced by the sum of the 
osmotic and electrostatic opposing intensities in the solution. Anal- 
ogous to the solution pressure in the case of ordinary substances, 
we will call this intensity in the case of metals their electrolytic solu- 
tion pressure, and will denote it by P. Hence in the above case 


Fae iC 


where s denotes the number of ions sent out from the electrode to 
establish the equilibrium. The function f(s) is probably determined 
by the ordinary laws of electrostatics. 

Let us suppose now that the number of Zn-ions in the solution 
becomes greater and greater, z.¢., that g increases. Evidently the num- 
ber of ions which must be dissolved from the zinc to establish equilib- 
rium will become less and less, 2. ¢., the term f(s), and hence the P. D. 
between metal and liquid corresponding to it becomes smaller, both 
approaching simultaneously the value zero. This limiting case is evi- 
dently reached when g = P, in which case no zine goes into solu- 
tion and no P. D. at the junction is developed. An analogous con- 
dition is that of a body brought into an exactly saturated solution. 
Here the condition for equilibrium is already fulfilled. In this limit- 
ing case the equilibrium between metal and solution is held solely by 
an opposing osmotic pressure, or, in other words, by volume energy. 
Electrical energy does not enter into consideration at all. We may 
consequently define the electrolytic solution pressure P of a metal as 
equal to that opposing osmotic pressure which would reduce the P. D. 
between the metal in question and a solution to zero. 

Let us consider now a case in which p > P, e. g., a copper or mer- 
cury electrode in a solution of one of its salts. This case is anal- 
ogous to that of a substance brought into a supersaturated solution. 
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Exactly as under such conditions solid substance is precipitated out 
of the solution until the osmotic pressure corresponding to the equi- 
librium condition is reached, so here when, e¢.g., copper is brought 
into a solution of copper sulphate some of the Cu-ions present pre- 
cipitate out as metallic copper. They do this by giving up their posi- 
tive charge to the electrode, which thereby becomes positively charged, 
while the solution on account of the excess of SO,-ions remaining in 
it becomes negatively charged. Thus a P. D. is again instantly de- 
veloped between metal and solution, but in this case in the opposite 
direction to that in the case of zinc —a fact long known from experi- 
ment. The immediate consequence of this P. D. is a repulsion be- 
tween the positively charged electrode and the positively charged 
Cu-ions, which repulsion acts against the osmotic pressure f in the 
solution. From considerations similar.to those above it is evident 
that an exceedingly small precipitation of Cu-ions suffices to cause an 
electrostatic repulsion sufficient to establish equilibrium. In this case 


P=p—f i) 


It follows, therefore, that if by any means the osmotic pressure p 
can be varied within sufficiently wide limits so that f > P on the one 
hand, and # < P on the other, the P?. D. between metal and liquid 
should be reversed. This theoretical consequence of our theory is, in 
fact, experimentally verified in the case of certain metals as, ¢. g., mer- 
cury. Ostwald’s approximate calculation of P for this metal gives the 
exceedingly small value of about 10~ atmospheres. Mercury must, 
therefore (p > P), be positive in any mercury solution, as, in fact, ex- 
periment shows it to be. In a solution of potassium cyanide, how- 
ever, its potential becomes reversed, the electrode becoming negatively 
charged against the solution. The reason for this is clear, for in 
presence of potassium cyanide mercury salts form the complex salt 
K,Hg (CN),, which dissociates not into Hg-ions, but into K- and com- 
plex Hg(CN),-ions. The action of the cyanide is, therefore, to with- 
draw the Hg-ions present from the solution, thus diminishing their 
osmotic pressure. This goes on, the P. D. gradually diminishing until 
when # < P the P. D. becomes reversed, the mercury then ,comport- 
ing itself like zinc or an electro-positive metal. It should here be 
especially noticed how small a number of ions suffices to determine 
definitely the P.D. between a metal and solution, a consequence 
of the enormous charges carried by the ions. 
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Having thus explained the process by which electrical energy may 
be conceived to be developed at the junction of a metal and liquid, it 
remains only to throw these ideas into mathematical form. It is evi- 
dent that we have to consider here an equilibrium between electrical 
and osmotic or volume energy. A displacement of the one, ¢.g., by 
changing the concentration of the solution, produces an equivalent 
change in the potential of the other. For equilibrium the algebraic 
sum of all changes in the system produced by any virtual displace- 
ment in the equilibrium must be zero. Hence the condition for equi- 
librium is 

Nelo aT = — vdp 
where z. is the valence of the metal in question, e, the quantity of 
electricity carried by a gram-equivalent, dw the virtual change in the 
potential caused by a change dp in the partial osmotic pressure of 
the kathions, and v the volume in which one gram-equivalent of metal 
is dissolved. Let 7 be the urknown P. D. between a metal J7 and a 
solution in which the partial osmotic pressure of the kathions is /. 
From our definition of Py we have seen that t =o when p= /P,; 
hence to find the actual P. D. between metal and solution we have 
simply to integrate the above equation between the limits 7 = 0, 
7 —=t,and p= Py, p=p. The integration is easily performed by 
the aid of Boyle-van’t Hoff’s law of solutions 
fo= RT. 


Substituting v from this equation in the above we obtain 


r p 
meer f dt = — RT ap 
° J P p 
or integrating 
RT P, 
tm 2 Meo. 
Nelo r p (1) 


To express 7 in volts we have only to remember that R = 1.980 
cal., 1 cal. = 4.19 X 10° ergs; and 1 volt = 10% abs. units, therefore 


RT _ 1.980 xX 4.19 x 7 


—4 
2 = 0. ag It. 
= 96540 0.860 7 X 10 vo 





Hence 
__ 0.860 P 
sleaes i Tin rs x 10 volt. (1a) 
This is the fundamental formula of the theory of the voltaic cell. 


It expresses the P. D. of any reversible electrode as defined on page 
330. 
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The E. M. F. of any constant element or number of elements con- 
nected in series is (neglecting the small P. D.’s at the liquid junctions) 
simply the sum of the values of the P. D.’s at the several metal-liquid 
junctions, each calculated by the above formula. Of the quantities 
P, and # which enter into this formula we know as yet the value of 
the former only approximately. Ostwald, who first calculated its 
value for the more common metals, has drawn a number of inter- 
esting and important conclusions regarding it, for the details of 
which I must refer to his Lehrbuch, Vol. II, 1, 948. It may be 
mentioned, however, that the value of the electrolytic solution pres- 
sure of the different metals varies greatly, from about 10!* atmos- 
pheres for zinc to 10~ atmospheres for mercury. It is for a 
given metal a characteristic constant, depending on the solvent with 
which the metal is in contact, as has’ been recently shown by Jones,! 
and on the temperature and pressure. Its variation with the latter has 
not as yet been investigated. 

For our present purpose, however, we need not consider the value 
of P,, further, as in all the following experiments the elements or 
combination of elements are so chosen that P, is eliminated from 
the expression for the total E.M.F. Thus the E. M. F. of an ele- 
ment formed of any two reversible electrodes of the same metal is 
given by the formula 





Pm i 


(% Pu — ln om) + 7’, 
” Ne lo p2 Pi 
or 


E= RT in 21 + 7’, 
Ne lo p2 


where 7’ is the P. D. between the two liquids of the element. That 
m' may, under certain circumstances, ¢. g., in certain concentration ele- 
ments in which acids are employed as electrolytes, have a very appre- 
ciable value should not be forgotten. But, as already stated, by proper 
choice of electrolytes and concentration of the solutions it may usually 
be reduced to 0.001 volt or less, in which case we can write 


E=FT yA, (2) 
Me lo pe 


The E. M. F. of a constant element with electrodes of the same 
metal depends, therefore, simply on the relative value of the partial 
osmotic pressure of the kathions at each electrode. If thesé two 





* Jones, Zeitschrift fiir physikalische Chemie, 14, 346, 1894. 
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quantities, or quantities proportional to them, can be found, the 
E. M. F. of the element can be calculated. Now, as osmotic pressure 
and concentration are proportional at constant temperature, we may 


take the ratio Ai as the ratio of the concentration of the kathions 


: 
at the two electrodes. The whole problem of the cell is thus reduced 
to finding the kathion concentration at the two electrodes of the cell. 

To calculate this for electrodes of the first kind we have in the 
numerous conductivity and freezing point determinations of electro- 
lytes all necessary data at hand. We have simply to multiply the con- 
centration of the solution by its dissociation to obtain the desired 
value of £. 

With electrodes of the second kind the problem is not quite so 
simple. Here we must apply Nernst’s principles of solubility effect 
to calculate the number of kathions in solution. These two principles 
may be stated as follows: 

1. Ina saturated solution of a partially dissociated substance the 
active mass of the non-dissociated part is a constant even when a sec- 
ond substance is present in the solution. , 

2. The product of the active masses of the dissociation products 
of the substance with which the solution is saturated is also, under 
all conditions, a constant. 

These laws have been tested and verified by Nernst,! and particu- 
larly by Noyes,? by means of solubility experiments. The second law 
is of the greatest importance in the theory of the cell, electrodes of 
the second kind finding in it their complete explanation, as our experi- 
ments will show. For the-simplest case, where both salts, the diffi- 
cultly soluble one with which the solution is saturated (2. ¢., the depo- 
larizer) and the added one (the electrolyte), are both binary compounds 
and both contain an ion in common (we shall always choose this the 
anion), the above second principle may be expressed as follows : 


moray? = ma(ma + xa) 


where m, and a, are the solubility and dissociation of the difficultly 
soluble salt in water alone, m and a its solubility and dissociation in 
presence of an amount + of the soluble salt whose dissociation is a. 





? Nernst, Zeitschrift fiir ph¥ikalische Chemie, 4, 372, 1889. 
? Noyes, ibid., 6, 241, 1890; 9, 603, 1892. 
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Hence to find the kathion concentration of a difficultly soluble salt in 
presence of a soluble one with identical anion, which evidently is noth- 
ing other than our problem of finding / for an electrode of the second 
kind, we have only to solve the above equation for ma and obtain 


pame=t {azar + sma — aa}. (3) 


a formula of which we shall make continual application. It is to be 
noticed that we have as yet in no way subjected the solubility of the 
depolarizer to any limitation. Our considerations hold for moderately 
soluble as well as very difficultly soluble depolarizers. Herein lies the 
greater generality of our theory over that originally stated by Nernst, 
the latter being applicable to the case of very slightly soluble (so- 
called insoluble) salts only. 

We have thus reduced the theory of the cell to a simple and cal- 
culable basis. The E. M. F. of any constant element with like elec- 
trodes is calculable when the ratio of the kathion concentration at the 
electrodes is known. For the general case, when the electrodes are 
of different metals, a further knowledge of the electrolytic solution 
pressure of the metals, a perfectly definite constant capable of experi- 
mental determination, is alone necessary. We have now to see how 
far the theory here developed stands the test of experiment, for it 
is by this test alone that a theory must stand or fall. 


EXPERIMENTAL INVESTIGATION. 


As my purpose in the present paper is to present in as concise 
a form as possible the osmotic theory of the cell and the experimental 
evidence I have obtained in support of it, a detailed account of the 
experimental part of my investigation can find no place here. For 
details concerning the apparatus and method used, preparation and 
form of electrodes and cells, etc., I must therefore refer to the origi- 
nal article, Zettschrift fiir phystkalische Chemie, 13, 590. It may, how- 
ever, be here mentioned that the E. M. F. of all cells was measured 
by the well-known null method of Poggendorff, in the special form 
described by Ostwald! As a measuring instrument I used an ex- 
ceedingly sensitive capillary electrometer,? indicating with certainty 





? Ostwald, Lehrbuch, 2d ed., II, 1, 811. 
? Ostwald, Hand- und Hilfsbuch zur Ausfiihrung physiko-chemischer Messungen, -p. 246. 
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a P. D. of 0.0001 volt. All cells were measured in an Ostwald ther- 
mostat at 25°. In all cases where the depolarizer was moderately 
soluble, ¢..g., thallium chloride, the solutions were saturated with it 
by rotation in a thermostat at 25° before making up the cells. 

The chemicals used were either prepared by myself, or obtained 
from Kahlbaum and two or three times recrystallized. Special care 
was necessary in preparing the depolarizers. All solutions were made 
up to exactly 0.2 equivalent normal either by direct weighing, or, when 
this was impracticable, by analysis and subsequent dilution. 

In order to obtain constant results great care was necessary in 
the preparation of the electrodes. In all cases (except silver) the 
electrodes used were in the form of liquid amalgams, prepared by elec- 
trolyzing a pure salt of the metal to be used as electrode over a pure 
mercury kathode. Where both electrodes are of the same metal, liquid 
amalgam possesses great advantages over solid electrodes, as exact 
uniformity of surface, a condition on which the ?. J). to no small ex- 
tent depends, is easily obtainable with the former, but only with the 
greatest difficulty with the latter. Although, as is well known, the 
P. D. between an amalgam and solution depends to a small extent 
on the concentration of the amalgam, by making both electrodes from 
the same amalgam this ceases to be of effect, the E. M. F. being then 
quite independent of the absolute concentration. This I proved by 
special experiments. 

Silver cannot be used as amalgam, as its electrolytic solution pres- 
sure is very nearly equal to or less than that of mercury. After many 
fruitless experiments I finally succeeded in preparing equivalent elec- 
trodes by depositing a coating of silver from a solution of silver cya- 
nide in potassium cyanide. Electrodes thus prepared when dipped in 
the same solution of silver nitrate gave against each other an E. M. F. 
of but 0.0001 —0.0002 volt. Conductivity measurements were made 
by the usual Kohlrausch method at 25°. 


EXPERIMENTS WITH MODERATELY SOLUBLE DEPOLARIZERS. 
THALLIUM CHLORIDE. 


In order to test the theory of electrodes of the second kind as 
developed in the preceding pages, it was necessary to extend the 
experiments to cells with moderately as well as very difficultly soluble 
depolarizers. We will first consider the most general and complicated 
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case, in which the depolarizer is relatively soluble in comparison with 
the concentration of the electrolyte. It is the establishment of the 
theory for this case which is of particular importance, as no experi- 
ments have to my knowledge been made in this direction. Of the 
salts which might be used as depolarizers, thallium chloride seemed 
the best suited for the present purpose, as 

First, thallium is a univalent metal, and the equilibrium between 
thallium chloride and the added soluble chloride is comparatively 
simple ; 

Second, the velocity of migration of thallium ions is practically the 
same as that of potassium and chlorine ions; and 

Third, accurate determinations of the solubility of thallium chlo- 
ride in presence of different amounts of soluble chlorides have been 
made, furnishing valuable data for a check on our calculation. In 
order to make use of these data I used solutions exactly similar to those 
used by Noyes?! in his solubility experiments, namely, 0.2, 0.1, 0.05, 
and 0.025 normal. 

The first series of experiments was made with cells of the follow- 
ing type: 


Tl Saturated solution of Saturated solution of | Tl 
amalgam. TIC] in x KNO3. TICI in x KCl. | amalgam. 


The E. M. F. of this cell is (compare page 338) 
E = 0.860 Tin = x 10° volt (4) 


where /, and fg, are the partial osmotic pressures or concentrations of 
the Tl-ions in the potassium nitrate and potassium chloride solutions 
respectively. The P. D. at the junction of the two liquids must in this 
case be very small, as the velocity of migration of all ions in solution 
is very nearly equal (that of the NO,-ion is somewhat less than that 
of the others), and moreover the total concentration of both solutions 
is not very different, two conditions both tending to reduce the P. D. 
between the solutions to a minimum. To calculate £ from formula 
(4) it is only necessary to determine the values of f, and fy. 

Now #,, the concentration of the Tl-ions in the potassium nitrate 
solution, may be assumed equal to the number of Tl-ions in a saturated 
aqueous solution; for although the solubility of thallium chloride in 





* Noyes, Zeitschrift fiir physikalische Chemie, 9, 610, 1892. 
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potassium nitrate must be slightly increased, as Noyes has shown, 
yet, the nitrate and chloride being normally dissociated salts, the in- 
crease in solubility is due to the formation of thallium nitrate mole- 
cules, the number of ions in solution remaining practically constant. 
If this be true, the conductivity of a nitrate solution saturated with 
thallium chloride should be equal to the sum of the conductivities of 
a pure nitrate solution and of a saturated aqueous solution of thallium 
chloride. That this is the case the measurements given in the fol- 
lowing table clearly prove : 


TABLE I. 


Electrical Conductivity of TIC] and KNOgs Solutions. (25°.) 











. : Conductivity of . ss Conductivity 
ne RNG of Saturated Solution a ag of Sum of the two. of KNOsg saturated 
ict TICL. - with TICI. 
0.1 2.045 11.171 13.22 13.23 
0.05 cams | 5.879 7.924 7.921 
0.025 | sees 3.047 5.092 5.095 





We may, therefore, put f, = mya), where mz, is the solubility and a, 
the dissociation of thallium chloride, in water alone. As this is inde- 
pendent of the concentration of the nitrate, which is always taken 
equal to the concentration of the potassium chloride solution, in order 
to keep the value of the P. D. of the liquid junction a minimum, the 


numerator of the fraction Ai is a constant. 
P2 

On the other hand, /., the concentration of the Tl-ions in the potas- 
sium chloride solution increases with dilution of the added salt, and 
therefore the E.M.F. of the cell must diminish. 7%, is to be calcu- 


lated by the formula 


p2= ma =} \/ xa, + 4 moan — xa, 3 


where the letters have the same significance as on page 339. We 
have here two possibilities open to us. If, as in our experiments, the 
value of mm, the solubility of the depolarizer in presence of the added 
salt, has been experimentally determined, and a, its dissociation, can 
by any means be calculated, we have simply to take ~, = ma in our 
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calculation. Such solubility determinations are, however, in general 
wanting, in which case we must calculate ~, by the solubility princi- 
ple itself. I have shown in another place that for most practical 
purposes we may assume for a, the value of the dissociation of the 
added salt (concentration x) in water alone, as calculated from con- 
ductivity or freezing point measurements, although, strictly speaking, 
a, is its dissociation in presence of the difficultly soluble salt.} 

The values of a used in the following calculations are the means of 
results obtained by three independent methods of calculation.2 The 
value of m, and m are the mean of Noyes’ measurements of the 
solubility of thallium chloride in potassium and sodium chloride; a, is 
taken equal to 91.3, the most probable value obtained from conduc- 
tivity and electrometric measurements, and a, is calculated both from 
Kohlrausch’s measurements of the conductivity and from Jones’? meas- 
urements of the freezing point of potassium chloride solutions. 

In the following table are the experimental and calculated results 
on cells with potassium nitrate and potassium chloride as electrolytes, 
as well as on exactly similar ones with the potassium replaced by the 
corresponding sodium salts. 7 


TABLE II. 
E. M. F. of cells of type I. TICI as depolarizer. (25°.) 

















SEZ on fo) ae $1.4 glee 
£32 sts SEs on iio %2 Nl. Es 
SU ma und rm © ei &|* 6 & 
e2e | ye Pcie g l ig La 
3” eal Poe: ae A ¥ oe rae 
0.2 0.0591 | 0.0586 | | 
0.0388 | 0.0sg9 | 0.0589 0.0614 | 0.0623 0.0619 
0.1 0.0443 0.0439 | e . 
5.0842 | 0.0437 | 0-040 | 0.0452 0.0459 0.0453 
0.0442 | | 
0.05 0.0302 | 0.0298 . i‘ " | 
0.0300 | 0.0298 0.0299 0.0305 0.0308 | 0.0801 
0.025 | 0.0179 | 0.0181 aa J 
0175 | Q.0180 0.0179 0.0182 0.0183 | 0.0178 








? For a discussion of this point, see Zeitschrift fiir physikalische Chemie, 13, 607, 1894. 
2Tbid., 13, 613, 1894. 
3 Jones, ibid., 11, 110, 1893. 
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In the last three columns are the calculated values of £. I have 
given the results obtained by using in the calculation of /, values of 
a,, from both freezing point and conductivity measurements, to show 
the effect of the uncertainty with which we know the value of the 
dissociation of the added salt on the result. A glance at the last two 
columns shows this amount to be about 0.0005 volt. 

A comparison of the observed values of / with those calculated 
shows an agreement which must be regarded as satisfactory. The 
deviations all lie in the direction to be expected from neglecting the 
possible P. D. at the junction of the electrolytes, and in assuming 
in the calculation of f, that a, is the same as the dissociation of 
the added salt in water alone. When one considers the apparently 
remote connection which the laws of solubility effect, osmotic pres- 
sure, and mass action, etc., have with electromotive force, the agree- 
ment found in the above table is certainly striking. 

It is to be noticed that the predicted decrease of £ with increasing 
dilution is completely verified ; further, that replacement of potassium 
by sodium has no-effect whatever on the E, M. F.—a necessary conse- 
quence of the theory, as the diminution of the solubility of thallium 
chloride by all univalent chlorides is the same. 





ZINC CHLORIDE AND CADMIUM CHLORIDE AS ELECTROLYTES. 


It was further shown by Noyes’ solubility experiments that not * 
only do all univalent chlorides diminish the solubility of thallium chlo- 
ride by the same amount, but also that all bivalent chlorides likewise 
diminish it by a constant though slightly-less amount. Cadmium 
chloride forms a remarkable exception; addition of this salt dimin- 
ishes the solubility of thallium chloride only about half as much as 
does zinc and other bivalent chlorides. Hence, if our theory of the 
cell is correct, replacement of the sodium and potassium salts in the 
preceding experiments by equivalent solutions of zinc salts should 
have the effect of only very slightly diminishing the E. M. F. of the 
cells. On the other hand, replacement by cadmium salts should 
diminish the E. M. F. by a very considerable amount. 

That the first of these conclusions. is completely confirmed by 
experiment is seen from the following table. 
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TABLE III. 
E. M. F. of Tl, TICl in Zn(NOg)2, TICl in ZnClg, Tl cells. (25°.) 








“re 
ee facie Zn(NOs)q Observed E. M. F. ont Sree SS. *- of 
0.2 0.0571 0.0589 
0.1 0.0425 ; 0.0440 
0.05 0.0290 0.0299 
0.025 0.0179 0.0179 











The E. M. F. is slightly less than that of the preceding cells, espe- 
cially in case of the more concentrated ones. That the difference be- 
comes less and less with increasing dilution is due to the fact that the 
dissociation of the bivalent chlorides more and more nearly approaches 
that of the univalent chlorides as the concentration decreases.. It is 
to be noticed that the nature and valence of the soluble kathions, 7. ¢., 
the Zn-ions, has no influence whatsoever on the E.M.F. It is the con- 
centration and valence of the kathions of the metal used as electrodes 
alone which affect the E. M. F. of the cell. 

The results with cadmium salts are especially interesting. As 
already stated, I expected a considerable diminution of the E. M. F. 
on account of the increased solubility, and hence concentration fy, of 
the Tl-ions in the chloride solution. Repeated measurements gave, 
however, always an increase, as is evident from a comparison of the 
following and preceding tables : 


TABLE IV. 
TI, TIC1 in Cd(NOg)o, TIC] in CdCl, Tl. (25°.) 





Concentration. 0.2 0.1 | 0.05 





E. M. F. observed = | 
| 


0.0646 0.0488 | 0.0327 








The cause of this apparent discrepancy between theory and ex- 
periment is not far to seek. It lies in the cadmium nitrate solution. 
We have assumed here, as in our previous experiments, that the con- 
centration of the Tl-ions in the nitrate solution is essentially the same 
as in an aqueous solution, the reason being in the normal dissociation 
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of all salts formed in the solution. Now, in the above cadmium nitrate 
solution this condition no longer holds. Of the four salts formed in 
solution, thallium chloride, thallium nitrate, and cadmium nitrate are 
normally dissociated, while cadmium chloride is abnormally little dis- 
sociated. The consequence is that if thallium chloride is dissolved 
in cadmium nitrate the Cd-ions immediately unite with the Cl-ions to 
form undissociated cadmium chloride, thus causing a diminution of 
the Cl-ions. As, however, the product Tl-X Cl-ions must remain con- 
stant, more thallium chloride must go into solution in order to com- 
pensate for this diminution of Cl-ions. The result is an increase in 
the solubility of thallium chloride and a large preponderance of TI- 
over Cl-ions. This increase in the solubility is very considerable. 
In a 0.2 normal solution the solubility is nearly twice as great as it is 
in water. A similar abnormal increase in the solubility of this salt 
was observed by Noyes in a cadmium sulphate solution. 

With this fact in mind the explanation of the above results 
is clear. The increase in the number of Tl-ions in the cadmium 
chloride solution is more than compensated by a still greater increase 


in the nitrate solution. The ratio Ar is, therefore, greater ; hence, 
2 

also, the E.M. F. If this explanation be correct, then a cell formed of 

a saturated solution of thallium chloride in cadmium nitrate and in 

zinc nitrate should give an E. M. F., the electrode in the cadmium 

solution being positive. Experiment fully verifies this prediction, as 

the following figures show: 


TABLE V. 


Tl, TIC1 in Cd(NOg)o, TIC] in Zn(NOsg)o, TI. 





Concentration. 0.2 





O.1 | 0.05 





E.M.F. observed . .. . | 0.0142 0.0102 | 0.0072 





The E. M. F. decreases with increasing dilution, as the solubility 
of the thallium chloride in cadmium nitrate does likewise, while it 
is practically independent of the concentration of the zinc nitrate. 
Again, a cell formed with the two chloride solutions should give an 











348 HT. M. Goodwin. 


E. M. F., the cadmium solution being positive against the zinc solu- 
tion, a conclusion likewise verified by experiment, as the following 


table shows: 
TABLE VI. 


TI, TIC1 in CdClg, TIC1 in ZnCly, Tl (25°). 





| 


Concentration. 0.2 | O.1 | 0.05 





E. M. F. observed . . . . 0.0081 | 0.0047 0.0039 








By the aid of the data in the last two tables we can check our pre- 
vious results on the Cd(NO,), CdCl, cells. For if pracy Poawo,y ete-s 


be the concentration of the Tl-ions in the zinc chloride, cadmium 
nitrate, etc., solutions, then 


Cl In PZxNOs)s 4Cln Peano, __ C In Ptach, ax Cin P cans), 
PznCl, PZWNOs)s Pznch Poach, 


where the value of the first term is given in Table III, that of the 
second in Table V, that of the third in Table VI, and that of the last 
in Table IV. Introducing numerical values we have: 


TABLE VII. 








Concentration. E. M. F. Calculated. E. M. F. Observed. 
0.2 0.0571 + 0.0142 — 0.0081 = 0.0632 0.0646 
0.1 0.0425 + 0.0102 — 0.0047 = 0.0480 0.0488 
0.05 0.0290 + 0.0072 — 0.0039 = 0.0323 0.0327 








Considering that the value of the E. M. F. at the junction of the 
electrolytes has been neglected throughout, the agreement is very sat- 
isfactory and confirms our explanation of the above abnormal E. M. F. 
completely. The above furnishes a pretty example of an apparent 
discrepancy between experiment and theory which the dissociation 
theory completely explains, affording thereby far more convincing evi- 
dence in favor of the theory than a predicted agreement could have 
done. 





*C = constant. 
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SILVER BROMATE,AS DEPOLARIZER. 


As further proof of the applicability of our theory to electrodes 
with moderately soluble depolarizers, I give the following results on 
a couple of elements in which silver and silver bromate were used as 
electrodes and depolarizer. The cells were of exactly the same type 
as those already considered, namely, silver electrodes in saturated solu- 
tions of silver bromate in potassium nitrate, and in potassium bromate 
respectively. The E. M. F. was calculated as before. The solubility 
m, of silver bromate is, according to Noyes, 0.00810. I determined 
its dissociation by conductivity measurements, and found it to be 
a =94.9. The values of a, for potassium bromate I likewise found 
to be 83.0 and 87.7 for 0.1 and 0.05 normal solutions respectively. 
This gives us all data necessary for calculating the E. M. F by for- 


mula (3), where, as before, fp, = ma, and f, is determined from the 
equation on page 340. 


TABLE VIII. 
E. M. F. of Ag, AgBrO3 in KNOs, AgBrOs in KBrOs, Ag. (25°.) 





Concentration of KBrOs 





and KNOs. | Observed E. M. F. Calculated E. M. F. 
0.1 | 0.0620 0.0612 
0.05 


0.0471 | 0.0454 





The agreement must be regarded as satisfactory. The deviations 
lie in the direction to be expected from neglect of the P. D. at the 
liquid junction, due to the unequal velocities of migration of the BrO,- 
and NO,-ions, which, it is easy to see, adds itself to that of the elec- 
trodes. The experimental error was somewhat greater here than with 
the thallium cells, great difficulty being encountered in obtaining ex- 
actly equivalent silver electrodes. ; 

Having thus demonstrated the applicability of our theory of elec- 
trodes of the second kind to depolarizers of moderate solubility, let 
us now consider what modification or simplification it admits of when 
applied to very difficultly soluble depolarizers. It was to this case 
alone that Nernst’s original theory, in which the anions were regarded 
as the active factor in-determining the P. D., applied, and the agree- 
ment found both by himself and others between formulze deduced on 
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this assumption and experiment makes it of especial importance for 
us to apply the theory here developed to this same case. We 
shall see that the formule previously obtained by Nernst are simply 
special cases of those already deduced in the preceding pages. 


EXPERIMENTS WITH DIFFICULTLY SOLUBLE DEPOLARIZERS. 


THEORY. 


A cell much used in practice on account of its constancy is the 
well-known calomel element of v. Helmholtz. This consists of zinc in 
zinc chloride on the. one hand, and mercury covered with a layer of 
calomel in the same electrolyte on the other, or, according to our 
definitions, of an electrode of the first and one of the second kind. 
All elements of this type may be expressed by the following scheme: 


oe M"A (difficultly soluble salt) , 
aM! | MA | in M/A (soluble salt) | a”, 


and their electromotive force computed by the general formula 


E = 0.860 7 i i in ~ ~ om in = , 10 volt, (5) 
in which », and x, are the valences of the metals 1/7’ and /" respec- 
tively. Unfortunately, owing to our present meager knowledge of the 
absolute value of the electrolytic solution pressure of the different 
metals, the validity of this formula cannot be tested experimentally. 
Such a test is, however, practicable when we consider two similar 
cells of different concentration connected in opposition. In this case 
the observed electromotive force is the difference between the electro- 
motive force of each separate cell, z.¢., 





E = 0.860 rit te Pet bg ey 1 PO bio" volt, 
my p2 12 2 ny Ai ne 2 
or 
=} l pi l p! ; —4 
— a te Be Joe It, 
E = 0.860 7 } a im 2 + 5 in £-$ 10 volt (6) 


where f, and /, are the partial osmotic pressures (or concentrations) 
of the W'-ions, p’ and 7” of the J/"-ions in the first and second cell 


respectively. The ratio A refers, therefore, to the electrodes of 


" 
the first kind alone, while S refers to the electrodes of the second 
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oo 


kind. By this combination of two cells the electrolytic solution pres- 
sure of the different electrodes is eliminated, and there remains in the 


formula for the resulting E. M. F. only quantities which are either 


known or easily calculated. Thus the ratio A of the kathion con- 

; 2 
centration of the soluble salt 1/’A in the two solutions is given 
directly by the ratio of their electrical conductivities. On the other 
hand, 7’ and g” must in general be separately calculated by the sec- 
ond law of solubility effect. When, however, the depolarizer J/A 
is very difficultly soluble, or, more precisely, when its solubility is 
negligible in comparison with the concentration of the soluble salt 
M'A, the calculation of the ratio of the kathion concentration at the 
electrodes of the second kind becomes greatly simplified. For this 
special case the general formula (6) may always be reduced to a 
much simpler form. 


Let us consider, for example, two calomel elements connected in 


opposition. <As zinc is bivalent and mercury (in HgCl) univalent, 
general formula (6) becomes in this case 
ie ap 
5 0.860 7S hie 214 tn OY 10 volt. 7) 
l pe ?' ( 


As the solubility s of calomel at ordinary temperatures is only 
about 0.000013 normal, we can assume its dissociation at this ex- 
treme dilution to be practically complete. If f, is the concentration of 
the Zn-ions in the more concentrated solution, and therefore 2/, the 
concentration of the Cl-ions, then f’, the concentration of the Hg-ions, 
by the second solubility principle, will be determined by the equation 

P(t! + %1) =, 
which is the simplified form the general solubility formula assumes 
under the above conditions. As 7’ is evidently negligible in compari- 
son with f#,, we obtain the very simple expression for 7’, 
2 
Ar 

Similarly we have for g" the concentration of the Hg-ions in the 
diluter solution 


p=-: 


P 22 
whence 
CC an ihe 
p' po 


That is, 2f two calomel elements are connected in opposition, then 
the ratio of the concentration of the Hg-ions in the first to that in the 
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second is the same as the ratio of the concentration of the Zn-tons in 
the second to that tn the first. This proportionality holds true as long 
as the solubility of the calomel ts negligible in comparison with the 
concentration of the zinc chloride, tt ts therefore to be regarded only 
as a limiting case. 


" 
Substituting P\ for > in (7), we obtain at once the very simple 
Pr L 

formula 


ee oe pi 4 
E = —X 0.800 Tix X 10° volt. (8) 
2 pe 


This formula agrees completely with that deduced by Nernst for 
the same combination of elements, on the assumption that the P. D. 
of electrodes of the second kind is determined by the concentration 
of the anions and an electrolytic solution pressure characteristic of 
the depolarizer similar to that which we have assumed for metals. 
Our theory leads, therefore, to results in no way contradictory to 
those formerly deduced by the originator of the theory. It is to 
be regarded rather as a generalization of the older view, all cases 
like the above, in which the depolarizer belongs to the class of 
so-called insoluble salts, being only limiting cases of a general theory 
applicable to depolarizers of all solubilities. The two views are, how- 
ever, in one respect fundamentally different, for according to Nernst it 
is the anions which primarily determine the P. D., while according to 
Ostwald it is the kathions. It is to be noticed that according to the 
latter view all reversible electrodes are fundamentally the same. 

Formula (8) may also be directly deduced (on the assumption that 
the zinc chloride is completely dissociated) by the principle of virtual 
energy — a method already used by Ostwald in his treatise on electro- 
chemistry. I give this second proof also, as it is important to see 
how quite independent considerations lead to the same final result. 
Let us consider the two calomel elements connected in opposition 
as a system in which electrical energy and volume energy are in 
equilibrium with each other. Let the total osmotic pressure in the 
first (more concentrated) zinc chloride solution be /,, and in the sec- 
ond f,; further, let us suppose the amount of zinc chloride so great 
that no appreciable change of its concentration is caused by the 
flow of a very small quantity of electricity through the system. If 
now the circuit be supposed closed just long enough to allow a quan- 
tity of electricity 2¢, to flow through the system, one molecule of 
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zinc will be dissolved in the diluter solution, while one molecule will 
be separated out in the more concentrated solution, or, in other words, 
one molecule of zinc chloride will be carried electrometrically from the 
more concentrated to the diluter solution. The maximum amount of 
work to be obtained by this process is evidently 


pe 
J fi 


oat dp. 

In this expression v, which represents the volume of solution 
occupied by one gram molecule of zinc chloride, is determined by 
van’t Hoff’s equation, 

v=xthk T. 


Substituting the value of v from this equation in the above ex- 
pression for the volume energy, we obtain 


pe 
— RT rh. 
e Ai 
This must be equal to the corresponding electrical energy, 7. ¢., 
2¢,£, where £ is the electromotive force of the system. 


Hence 
p2 op 
taf em ar i> 
pi 


When the solutions are so dilute that the zinc chloride can be 
regarded as completely dissociated, 7 = 3, under which condition the 
integration of the right side of the above equation is at once possible, 
‘and we obtain 

2e£ =3RTinfh, 
pe 
or 
su tei 


— — in 
2 eo 


(9) 


It is to be especially noticed in this expression for the electro- 
motive force that f, and f, refer not to the partial osmotic pressure 
of the kathions, as in formula (8), but to the total osmotic pressure in 
the two solutions. As, however, the formula holds only for the spe- 
cial case that the zinc chloride is completely dissociated, the ratio of 
the total osmotic pressure and of the partial osmotic pressure of the 
kathions in the two solutions is the same; hence for this case (9) 
and (8) agree completely with each other. When, on the other hand, 
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the assumption of complete dissociation is inadmissible the above 
method cannot be well applied. In this case the integration of the 
expression for the osmotic energy is not easy to carry out, as the 
value of zas a function of fis not simple. Still less is it applicable 
to elements with relatively soluble depolarizers. On the other hand, 
my deduction of formula (7) and (8), in which simply the sum of the 
potential differences at the various heterogeneous junctions of the ele- 
ments are considered, is perfectly general, being equally applicable 
to partially dissociated electrolytes and to soluble depolarizers. 

The energy method when applicable has, however, one great 
advantage, namely, that it has only to do with the final changes 
produced in the cell. From a consideration of the above deduction 
of formula (g) it is clear that for the general case, where the zinc is 
replaced by a metal whose valence is 7, the zinc chloride by a soluble 
salt of this metal which dissociates into ~, parts, and the depolar- 
izer by any difficultly soluble salt with an anion in common with the 
soluble salt, the electromotive force will be given by the formula 


BoM RT iy A 
Me ¢0 p2 i 
or 
Bue ™. 0900 Tin 2. x 10 volt. (10) 
Ne 2 


From this general formula it follows at once that the electro- 
motive force of two elements of the calomel or Clark type joined in 
opposition depends : 

First, on the relative and not on the absolute value of the kathion 
concentration at the electrodes of the first kind ; 

Second, on the valence of the electrodes of the first kind; 

Third, on the number of parts into which the soluble salt (electro- 
lyte) dissociates. 

It is, on the other hand, wholly independent of the valence of 
the electrodes of the second kind and of the depolarizer. 

We will now show that the general formula (6) leads to the 
same results. That such is the case when x, = 3 and ~, = 2 we 
have already seen in our consideration of the calomel elements. 
Suppose, however, the mercury and calomel in these elements to be 
replaced by a bivalent metal and its difficultly soluble chloride (unfor- 
tunately lead chloride is too soluble at ordinary temperatures to lend 
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itself to experiment). From the above considerations the electro- 

motive force should remain unchanged. By formula (6), however, 
ae 

Lb : In & t 10 volt, (11) 

f2 é p 


which at first sight does not agree with the corresponding formula (7) 


7 


re 





E = 0.860 y i } E In 


for calomel elements. It is, however, to be remembered that MCI, 
dissociates according to the scheme 


MXAXCA=s3, 
Hence 
fp! (2p! + 291)? = 53, 


or, neglecting #’ in comparison with /,, 


—o 4pr 
Similarly we obtain for /” 
” ts 
2 tp 
and hence > 
id =| Ai ) 
p' \ P2 


ad 
Substituting this value of .. in (II) gives at once formula (8), 


by which the independence of the electromotive force of the valence 
of the electrodes of the second kind is established as a consequence 
of (6) as well as of (10). 

The valence of the electrodes of the first kind exerts, however, 
a large influence on the E. M. F. Let us suppose the zinc and zinc 
chloride replaced by a univalent metal and its soluble chloride or 
bromide. In this case x, = 1 and x, = 2, hence by (10) 

-4 
E = 2X 0860 Tim LL x 107 volt. (12) 
p2 
By (6), on the other hand, 


BE = 0860 7 S in Ar + /n £. Lig volt. (13) 
(pe 7S 
In this case 7’ is evidently to be calculated from the equilibrium 
equation 
P(e +A) =, 
or 
aA 
Hence 
we Be, 
p' 2 
which substituted in (13) gives (12). Again general formula (6) agrees 


with (10) completely. 
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Let us consider, finally, the influence of the number of parts into 
which the electrolyte dissociates from the point of view of formula 
(6). We will suppose the zinc chloride replaced by zinc sulphate, in 
which case x, = 2 instead of 3. Of course the depolarizer must in 
this case be a difficultly soluble sulphate. Two cases are here pos- 
sible, according as the electrode of the second kind is univalent or 
bivalent, ¢.g., according as mercurous sulphate or lead sulphate is 
used as depolarizer. By (10) the E. M. F. should be the same in both 
cases and given by the formula . 


E = 0860 Tin Lu x 10” volt. (14) 


For the first case, when the electrode of the second kind is univ- 
alent, formula (6) becomes 
z= 0800 745m 2 4 im 2} x 10° volt (15) 
- p2 2 
To calculate ~’ we have only to remember that Hg,SO, dissoci- 
ates according to the formula 
Hg X Hg X Sg = 83, 
and that the concentration of the Zn- and SQ,-ions is the same. 
Hence 
PXpXK(P +A) =8, 
from which we get for p’ 


re oe 
iad. a) 
Consequently 
P at ey 
p' a | a , 


Substituting this in (15) we obtain (14), as was to be expected. 
For the second case, when the depolarizer is bivalent, 





/ 


, f 1 7 f1 1 } pe oa , ; 
= 0860 7} 5 in 2 + 5 nt t x 10 volt. (16) 


Here, however, PS X SO, = s*?; hence 


" ’ 
=| a ee 


~/ 


which substituted in the above equation leads again to (14). 

We have thus shown that formulz (6) and (10) lead to identical 
results as long as we assume complete dissociation. Formule (8) or 
(9), (12) and (14), hold, however, quite generally, even when this assump- 
tion is no longer admissible, as they are direct consequences of the 
general formula (6). In them it is to be borne in mind that /, and 


teed 
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pf, are to be taken as the partial osmotic pressures (or concentrations) 
of the kathions, and not as the total osmotic pressure of the solution. 
We may sum up the above results as follows : 
The electromotive force of two calomel elements connected in 


opposition is given by formula (8) and will remain unchanged when 

1. The mercury and calomel are replaced by silver and silver 
chloride respectively ; 

2. The zine chloride is replaced by zinc bromide or iodide, in 
which case the depolarizer must be a difficultly soluble bromide or 
iodide ; 

3. The zinc chloride is replaced by cadmium chloride. 

4. It will, on the other hand, be increased by replacement of the 
zinc and zine chloride by a univalent metal, ¢.g., thallium and _ its 
chloride, the electromotive force being given by formula (12); and 

5. Diminished, by replacement of the zinc chloride by zinc sulphate. 
In this case a sulphate must be used as depolarizer, although it is 
immaterial whether it is of a univalent or bivalent metal, ¢. ¢., whether 
it is Hg,SO, or PbSO, the E. M. F. being given in either case by (14). 

6. If the solubility of the depolarizer is not negligible, then devi- 
ations from the above deduced special formule are to be expected, 
and in the direction that the calculated values are too large. The 
only formula applicable to such cases is the general one (6), in which 
p' and pf" are each to be separately calculated by the second principle 
of solubility effect. Cells with thallium chloride as depolarizer should 
show such deviations from the special formule. 


EXPERIMENTAL TEST OF THE THEORY.} 


Let us now consider the experimental evidence obtained in sup- 
port of these conclusions. Measurements were made in a thermostat 
at 25°, so that all results are directly comparable. The concentra- 
tion of the electrolyte in the two opposed elements was always taken 
in the ratio of one to ten, and was varied from 0.2 to 0.001 normal. 
It is given in the first column of the following tables. In the sec- 
ond and third columns are the observed values of the E. M. F., each 
the mean of measurements on four combinations of cells. The cal- 


culated values are given in the last column of the tables. In the 





‘For details regarding preparation and form of cells, etc., see Zeitschrift fiir physik- 
alische Chemie, 13, 629, 1894. 
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calculation of the E. M. F. by formulz (8), (12), and (14), the ratio 
k : 

Ai is always taken equal to —!, where 4, and 4, are the electrical 
fe . ky 

conductivities of the respective solutions as determined by Kohlrausch. 
For convenience the elements will in what follows be designated sim- 
ply by their soluble salt and depolarizer, thus the two opposed calo- 
mel elements as ZnCl,-HgCl elements, etc. 

TABLE IX. 
E. M. F. of ZnCle-HgCl and ZnClg-AgCl Elements. (25°). 








: v Observed E. M. F. of || Observed E. M. F. of E. M. F. calculated by 

Concentration of ZnCls. ZnCl,-H¢Cl oe ZnCly-Agcl cells. mF Scaltaale ©. 
0.2 — 0.02 0.0785 0.0765 “ 
0.0789 0.0770 0.079% 
0.1 — 0.01 0.0810 0.0779 ts 
0.0790 0.0782 0.0818 

0.02 — 0.002 0.0847 0.0840 ‘ 
0.0839 0.0845 0.0844 
0.0: — 0.001 0.0845 0.0844 0.0853 
0.0877 0.0850 10859 

















In view of the experimental error, which, as is seen, amounted in 
the above experiments to 0.001 —0,002 volt, the agreement is very 
satisfactory. Not only do the ZnCl,-HgCl and ZnCl,-AgCl elements 
agree throughout with each other, whereby conclusion 1 is verified, 
but also the agreement of both with the calculated values is good. 
It is to be noticed that the E. M. F. is not absolutely independent of 
the concentration of the zine chloride; it increases somewhat with 
increasing dilution. This is, however, in perfect agreement with the 
theory when the increasing dissociation of the zinc chloride (which 
increases from 69 per cent. at 0.2 to 96 per cent. at 0.001 normal) is 
taken into account. The calculated values show the effect of this 
increase clearly, and the good agreement between them and the ob- 
served values is striking proof that it is the partial osmotic pressure 
or concentration of the kathions and not the absolute concentration of 
the solution which is the effective factor in determining the electro- 
motive force. 

In Table X are the results of the measurements made to test 
conclusion 2. A second series on ZnBr,-AgBr cells was also carried 
out to further test conclusion 1. These cells were very constant, 
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measurements extending over several days showing variations of 
hardly 0.001 volt. In the calculation the dissociation of zinc bro- 
: mide is assumed.equal to that of the chloride, the conductivity of 
the bromide not having been determined. 
TABLE X. 
FE. M. F. of ZnBro-HgBr and ZnBra-AgBr cells. (25°.) 














3 . . 4 | Observed E. M. F. of Observed E M. F. of E. M. F. calculated by 
Concentration of ZnBrz ZnBr,- HgBr cells. ZnBry- AgBr cells formula (8). 

).2 — 0.02 .0797 —O2 incite 
: eas pected 0.0793 0.0797 
i? = 6.6 | ).0795 ey 
= | : ai 0.0802 0.0818 
0.02 — 0.002 | 0.0863 a a 

| 0.0856 0.0852 0.0844 

| 

| 
0.01 — 0.00 | ).0866 c eee 
001-000 | peor 0.0858 0.0853 








A glance at the table shows again a complete confirmation of 
conclusions 1 and 2. A comparison of the second and third columns 
with the corresponding ones in Table IX shows that the E. M. F. of 
all four different cells differs, on an average, scarcely 0.001 volt from 
the theoretical values. 

The experiments in which zinc was replaced by cadmium are es- 
pecially interesting. In the second column of Table XI are the 
observed values of the E. M. F. on CdCl,-HgCl cells, each the mean 
of six or eight independent measurements. In the third column are 














' the results of a second series of measurements on CdCl,-AgCl cells, 
which were made in order to ascertain whether the disagreement 
observed with the CdCl,-HgCl cells was due to experimental error 

or whether it was a real discrepancy between experiment and theory. 

‘J TABLE XI. 

E. M. F. of CdCleHgCl and CdClg-AgCl cells. (25°.) 
Concentration of CaCl. | OrCheHgCleelis | CAC AgCl cells.” E. M. F. calculated. 
0.2 —0.02 0.0584 0.0576 0.0657 
0.1 — 0.01 0.0634 0.0621 0.0695 
q 0.02 — 0.002 0.0747 0.0760 0.0771 
0.01 — 0.002 0.0801 0.0794 0.0794 
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It was to be expected that the calculated values (column 4) would 
differ somewhat from those for zinc chloride cells, as cadmium chlo- 
ride is, as is well known, abnormally dissociated. They are, in fact, 
throughout somewhat smaller. I did, however, expect an agreement 
between these values and the observed. This, however, was found 
only for the diluter solutions. The observed E. M. F. of the first two 
cells was much too small by about 0.008 volt, an amount far greater 
than the experimental error. Moreover, repeated measurements al- 
ways gave the same result and the CdCl,-AgCl cells showed the 
same deviations. 

The explanation of this seeming discrepancy is not far to seek. 
It lies in the fact that in relatively concentrated solutions cadmium 
chloride dissociates not only into Cd- and Cl-ions, but also into CdCl- 
ions. Now, the P. D. of the electrodes of the first kind is determined 
by the concentration of the Cd-ions alone, and of the electrodes 
of the second kind indirectly by that of the Cl-ions, the CdCl-ions hav- 
ing no influence whatever on either electrode. The conductivity is, 
on the other hand, dependent on all three kinds of ions. When it 
is further borne in mind that with increasing dilution the dissocia- 
tion goes more and more completely over into three ions, and hence 
the electrical conductivity gives a more and more correct measure of 
the dissociation into Cd- and Cl-ions, a slight consideration will show 
that for concentrated solutions the E. M. F. as calculated above must 
of necessity be too high. For dilute solutions alone, in which a 
minimum number of CdCl-ions are present, is an agreement between 
calculation and observation to be expected. A glance at Table XI 
shows this to be the case. 

This conclusion regarding the nature of the dissociation of cad- 
mium chloride to which our E. M. F. measurements lead us is further 
confirmed by a comparison of the values of the dissociation calculated 
from conductivity and freezing point! measurements, which for con- 
centrated solutions differ widely. We have thus in E. M. F. measure- 
ments of reversible cells a selective method leading to a direct deter- 
mination of the concentration of particular ions, the kathions (and 
indirectly anions), in solution, a method which will doubtless find 
extensive application to various problems in the theory of solutions 
and chemical equilibrium. 





‘See Zeitschrift fiir physikalische Chemie, 13, 633. 
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Returning now to the problem before us, let us consider the re- 
sults obtained by replacing zinc by a univalent metal by which the 
E. M. F. should by 4 (page 357) be increased. The only univalent metal 
which possesses a sufficiently soluble chloride, and which at the same 
time can be used as electrode, is thallium. For electrolytes I pre- 
pared a saturated solution of thallium chloride at 25°, which was then 
in part diluted to a half, a tenth, and a twentieth of its concentration. 
Calomel was used as depolarizer. The results are given in the fol- 
lowing table. The values given in the last column are calculated 
by formula (12), the dissociation of the four thallium solutions being 
taken as 9I.3, 95, 98, and 100}. 


TABLE XII. 


E. M. F. of TICl-HgCl cells. (25°.) 








Concentration of TICI. Observed E. M. F. Calculated E. M. F. 
0.0161 — 0.00161 0.102 0.114 
0.008 — 0.0008 0.100 | 0.115 
0.0161 — 0.008 0.0328 | 0.033 





The E.M.F. is, as predicted, considerably greater than that ob- 
served with the corresponding zinc cells, having increased from about 
0.08 volt to 0.10 volt. The agreement with the calculated values is, 
however, only approximate, at least in the first two cases. The rea- 
son for this is, I believe, to be found in the fact that thallium de- 
composes water even in the cold to a slight extent, the result of 
which is that the concentration of the Tl-ions in the immediate 
neighborhood of the electrodes is greater than that in the solution 
as a whole. As the relative increase in the concentration of the 
Tl-ions would be greater in the diluter of the two solutions, the 
effect must be to slightly diminish the E. M. F. This explanation 
is borne out by the fact that these cells were very sensitive to the 
slightest jarring. The experimental error was for this reason much 
larger than in any of the preceding cells, amounting here to 0.003 — 
0.006 volt. That the E. M. F. of our previously investigated thallium 





? The last three values are estimated and are to be considered as only approximate. 
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cells was constant is explained by the fact that the solutions were 
saturated with thallium chloride, and hence (practically) for every 
molecule of thallium hydrate formed a molecule of thallium chloride 
separated out, the total concentration of the Tl-ions thus remaining 
unchanged. 

In the following table are the results obtained, showing the effect 
of the number of ions into which the electrolyte dissociates on the 
E.M.F. Replacing zine chloride by zinc sulphate, 2; becomes 2 in- 
stead of 3, whereby the E. M. F. should be less than that observed 
in Tables IX, X, and XI. It should, moreover, be only one half that 
observed in the case of thallium chloride as electrolyte, for which 
z;—= 1. These conclusions are fully confirmed by the measurements 
given in the following table. 


TABLE XIII. 


E. M. F. of ZnSO4-PbSOx4 cells. (25°.) 





Concentration of ZnSQ,. Observed E. M. F. | Calculated E. M. F. 





| 
0.0421 be 
0.2 — 0.02 een 0.0453 
61 oe pao 0.0471 
0.02 — 0.002 pot 0.0500 











The agreement with the theoretical values calculated by (14) is 
also satisfactory. The experimental error amounted in this case to 
about 0.002 volt between individual cells. The E.M.F. did not 
become constant until about an hour after preparing the elements, 
due, doubtless, to the somewhat greater solubility of lead sulphate. 

As further proof of the independence of the E.M.F. of the 
depolarizer, I give two measurements on cells exactly similar to 
the preceding, with the lead and lead sulphate replated by mercury 
and mercurous sulphate, z.¢., cells no other than the well-known 
Clark cells. Unfortunately, owing to the tendency of mercurous sul- 
phate to form basic salts, the E.M.F. of these cells proved very 
inconstant, falling off rapidly and irregularly. I give, therefore, only 
approximate values taken directly after setting up the cells and after 
twenty-four hours. 
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TABLE XIV. 


E. M. F. of ZnSO g- HgeSOj cells. 





Concentration of ZnSO,. 


Observed E. M. F 





0.2 — 0.02 


0.1 — 0.01 


0.047 — 0.034 


Voltaic Cell. 


(25°.) 





Calculated E. M. F. 





0.045 — 0.033 





0.045 


0.047 





The first values agree very well with the theoretical, showing them 


to represent the true E. M. F. of the cells before the depolarizer be- 


comes contaminated with basic salt, the formation of which is indicated 


by the depolarizer gradually turning yellow. 


It is clearly evident from 


the last two tables that the valence of the electrode of the second 


kind is without influence on the E. M. F., as our theory requires. 


In all cells thus far considered a salt has been chosen as depolar- 


izer whose solubility was negligible in comparison with the concen- 


tration of the electrolyte. 


Let us now see the effect on the electro- 


motive force when this condition no longer holds. Our theory re- 
quires, as stated in conclusion 6 (page 357), that the E. M. F. should 


be less than that calculated by the special formulae —that, in other 


words, these no longer hold, and we must go back to general formula 


(6) in order to calculate the E. M. F. of the cell. 


To test this conclusion I chose thallium chloride as depolarizer, 


l 
the solutions of zine chloride being saturated with t 


nis salt previous 


I 
to setting up the cells, as in the first experiments described in this 


i paper. The cells corresponded exactly to the calomel cells already 


investigated, with the single difference that mercury was replaced by 


thallium. The E. M. F. was very constant. 


in column 2 of the fojlowing table. 


E. M. F. of ZnCle-TIC1 cells. (25°.) 


TABLE XV. 





The results are given 











Concentration of Observed E. M. F.,caleu- | 1 RT 4 RT p" 
zach, | UE. MAF. lated by (6). ee oe 
| 2 
0.2 — 0.02 0.0679 0.0797 0.0266 0.0431 0.0697 
0.1 — 0.01 0.0615 0.0818 | 0.0272 0.0348 0.0620 
| | 
0.02 — 0.002 0.0441 0.0844 0.0281 0.0124 0.0405 





0.01 — 0.001 0.0339 





0.0284 








0.0066 0.0350 
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A glance at columns 2 and 3 shows at once the predicted devia- 
tion between observed values and those calculated from special for- 
mula (8). The deviation is nearly 0.01 volt even for the most con- 
centrated solution, and increases rapidly with increasing dilution. 
This was a priori to be expected, for, as we have seen, the solubil- 
ity of the thallium chloride in a soluble chloride increases rapidly as 
the concentration of the latter diminishes, whereby the condition 
under which formula (8) was deduced, namely, that the solubility of 
the depolarizer is negligible, becomes less and less fulfilled. Let us 
see now if the general formula (6) leads to correct results. For the 
above case it takes the form 


E= i RT y, Ai a RT », ee 
2 20 pez 20 p' 


In the fourth column is given the value of 


z.¢., that part of the total E. M. F. arising from the electrodes of the 
first kind. In the fifth column is given the value of 

RT ln r, 

€0 
that part of the E.M. F. due to the electrodes of the second kind. 
The quantities f’ and p” are each calculated by formula (3), page 340, 
in which a) = 91.3 and a, equal to the dissociation of zinc chloride 
as calculated from Kohlrausch’s conductivity measurements. 

The results are very significant. In the first place it is seen that 
that part of the E. M. F. arising from the electrodes of the first kind 
is practically independent of the concentration, while that arising 
from the electrodes of the second kind is directly dependent. More- 
over, it is easy to see that with increasing dilution this latter part 
rapidly approaches the limiting value zero, while with decreasing dilu- 
tion it approaches the value 

RT 


20 


ln iE saat 0.0532 volt. 


The last column contains the sum of columns 4 and 5, which should 
be the true calculated value of the E. M. F., and, in fact, a comparison 
with column 2 shows an agreement wholly satisfactory. This last 
series of experiments furnishes a most striking confirmation of our 
theory ; not only are we able to predict when deviations from our 
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365 
special formule should occur, but also, and this is more important, 
we are able to calculate the exact amount of such deviations.’ 

It is interesting to investigate just what relation must hold be- 
tween the solubility of the depolarizer and the concentration of the 
electrolyte in order that our special formulz may be applicable. 
Let us consider the above case. 

Writing formula (8) for short 


ES Cis Ar 


it is evident that an error 8 in f, or f, will cause an error 


op 


2 


AE=C 





, 


in the observed E.M.F. If now we assume the experimental error in 
E to be A & = 0.001 volt, which, as we have seen, is about the mean 
error in the above experiments, and C = 0.0256 (its value at 25°), 
then the maximum allowable fractional error in # is equal to 0.039, 
or, in other words, an error in f which does not exceed 4 per cent. 
may be neglected. Let s be the solubility of the depolarizer and p 
the concentration of the soluble salt, which we will assume to be 
completely dissociated. If, as in the above case, the depolarizer is 
a binary salt, 


pas (ve +42 —>p ) 


C 


r, expanding by the Binomial theorem and simplifying, 


p= = ( a ee 


cS) 


If, therefore, 


a =< 
-. . Gos 
52 
we may assume f! = — without introducing an error in E greater 


than 0.001 volt, and hence the special formule are applicable. 
In the first (most concentrated) of the last considered ZnCl,- 
TICI cells, s = 0.016, p = 0.02, from which “_ = 0.6; hence the 


9 
“ 


inapplicability of formula (8) was to be expected. 
A very pretty confirmation of the above conclusion is the follow- 
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ing. The solubility of thallium bromide I found to be 0.0020 normal 
at 25°; hence 


2 0.0020 - 
J er ee . = 0.01. 





0.027 


Thallium bromide may, therefore, be regarded as a difficultly solu- 
ble depolarizer (7. ¢., the special formule are applicable) as long as 
the concentration of the soluble bromide in which it is dissolved is 
not much less 0.02 normal. If, therefore, the thallium chloride and 
zinc chloride in the last considered cell are replaced by thallium bro- 
mide and zine bromide (0.2 — 0.02 normal), the same E. M. F. is to be 
expected as we have already found using calomel, mercurous bromide, 
silver chloride, and silver bromide as depolarizers, namely, 0.0799 volt 
As a matter of fact, I actually found for this cell 0.0792 volt. 

Other experiments at once present themselves which might serve 
to further test our theory, but I think the above will suffice to estab- 
lish beyond a doubt its general applicability. The preceding experi- 
ments have been particularly chosen to establish the theory of elec- 
trodes of the second kind and the generality of the law that the P. D. 
between a metal and liquid is determined primarily by a characteristic 
constant of the metal and by the concentration of the kathions, be 
this great or exceedingly small. The P. D. of electrodes of the first 
and second kind is given by the same fundamental formula, the sole 
difference between them being in the method of calculation of the 
kathion concentration. This concentration for the former may be 
determined at once by any of the well-known methods of determin- 
ing electrolytic dissociation, 7. ¢., conductivity, freezing point meth- 
ods, etc., while to determine it for the latter Nernst’s second principle 
of solubility effect must be applied. The anions, it will be seen, have 
no direct influence on the E. M. F.; only in the case of electrodes of 
the second kind do they play a secondary réle in determining accord- 
ing to the laws of mass action the concentration of the kathions. 
The E.M.F. of a reversible element may be said, therefore, to be 
independent of the anions.! 

ROGERS LABORATORY OF PHYSICS, 
September, 1894. 





*Quite recently a very striking experimental proof of this conclusion, extending to 
twenty-three different anions, has appeared in a paper by Neumann, Zeitschrift fiir physik- 
alische Chemie, 14, 193, 1894. 
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SUMMER INSTRUCTION AT THE INSTITUTE. 


From the foundation of the “School of Industrial Science,” class- 
room and laboratory exercises have been abundantly supplemented by 
excursions for the examination of such material — mines, manufac- 
as could not otherwise be 
directly studied. Very early in the history of the Institute some of 
these excursions grew into summer schools, at first for visits to more 





tories, buildings, geological formations 


or less remote mining regions, later for extended practice in civil 
engineering operations. The following account of last year’s schools 
shows the present scope and character of this work, as well as its 
more recent developments. A summer school of Naval Architecture 
will be held for the first time this year. 


THE SUMMER SCHOOL OF TOPOGRAPHY, GEODESY, AND GEOLOGY. 


In June, 1894, eighteen students from the third year class in Civil 
Engineering attended the optional summer course in surveying. The 
school was held in the northeastern section of the Adirondack region 
in New York, near Keeseville, the same locality that was found so 
admirably adapted to the fieldwork of the school the previous year. 

The instruction was under the charge of Professor Burton, Pro- 
fessor Porter, and Mr. Robbins, of the Civil Engineering Depart- 
ment, and Messrs. Nichols and Stose, of the Geological Department 
of the Institute. The only work of a geodetic character attempted 
this year was a series of experiments in base-line measurement. The 
apparatus used was not essentially different from that of the previous 
year, except that in place of the electrical device for determining the 
temperature of the tape a 100-meter brass tape was used, in conjunc- 
tion with the 100-meter steel tape, and the temperatures of the tapes 
were determined from the different rates of expansion of the two 
metals, on the principle of the metallic thermometer. <A novel feature 
of the work this year was the use of the apparatus at night. A series 
of four measurements of nearly a kilometer of the base line, two with 
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the brass and two with the steel tape was made at night between the 
hours of 11.30 p.M. and 4 A.M. The actual difference between the two 
measurements of the steel tape, after correcting for temperature, was 
but one seven hundred and fifty thousandth of the length of the line 
measured. The probable error derived from the comparison of all the 
different measurements made of the same line would place this part of 
the school work on a par with like measurements of base-lines made 
by the Missouri River Commission and the United States Coast and 
Geodetic Survey. The degree of precision attained was far greater 
than was necessary for the triangulation used in the topographical sur- 
vey of the surrounding region, and the reason for expending so much 
care and time on this work was mainly for the purpose of instructing 
students in the methods of geodetic measurement. Every student 
entered into this work with enthusiasm. The singleness of purpose 
with which each man carried out his assigned duty, having a fixed 
determination to do his best, is worthy of much praise. 

The precise level lately purchased by the Institute was used in 
running a short line along the banks of the Au Sable River in order 
to determine the average fall of the river. 

The triangulation stations established the previous year were used 
in continuing the topographical work with the plane-table. The map, 
which is on the scale of 600 feet to the inch, with contours 1o feet 
apart, was extended over an additional area of sixteen hundred acres, 
The locality is peculiarly well adapted for instruction in plane-tabling, 
and the student here obtains a knowledge of topographical methods 
which it is utterly impossible to impart during the regular Institute 
course in Boston. 

Soundings were taken in the south arm of Auger Lake, thus com- 
pleting the hydrographic survey of the bottom of this lake begun the 
previous year. 

The hydraulic fieldwork of the school consisted in the measure- 
ment of the discharge of the Au Sable River at two different points, 
and of the discharge of a mill-flume at Keeseville. The measure- 
ments were made by means of floats and current meters. The use of 
the Darcy tube was made for the first time this year. The Ritchie- 
Haskell meter was rated by rowing between fixed points on the lake. 

The principal feature of the geological fieldwork was the con- 
struction of a geological profile eight miles long, from the western 
bank of the Au Sable River to the shore of Lake Champlain, the line 
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running in a general direction of South 70° East. Distances and ele- 
vations along this line were determined by the use of the transit and 
stadia. Two independent lines were run side by side over the whole 
distance, thus furnishing a satisfactory check of the measurements 
at the close of the work. After plotting this work to scale, the geo- 
logical features were studied in the field and properly located on the 
paper, under the direction of the instructors in geology. In addition 
to the construction of this section, which in itself is especially inter- 
esting on account of the many lake and river terraces included in the 
district, the geological fieldwork included many interesting excursions 
in search of minerals and fossils to mines, quarries, and the famous 
Au Sable chasm. 

Although the weather was by no means uniformly favorable to 
the work during the month of June, yet there were few interruptions 
in the prearranged programme, and the total amount accomplished 
exceeded that of the previous year. The health of the party was gen- 
erally good, and a spirit of cheerfulness and satisfaction seemed to 
prevail. 

In conclusion it may be well to say that a pleasant feature of our 
half holiday was a well-earned victory of our baseball players over 
the local talent of Keeseville. 


THE SUMMER SCHOOL OF MINING. 


The Summer School of Mines for the students in Mining Engin- 
eering at the Institute of Technology was held in 1894 in Nova 
Scotia and Cape Breton, and, according to the usual general plan, in- 
cluded the four main divisions of mine work, namely, underground 
and surface work, and surveying above and below ground. One week 
was spent at the mines of the West Waverly Gold Mining Company, 
of Nova Scotia. The students received their general introduction to 
mining, milling, and surveying. The freedom of the mine and works 
was given to the party, and many valuable points were picked up by 
the members, thanks to the generous hospitality of Mr. Hardman, the 
general manager. 

Three weeks were spent in Cape Breton, where the students 
were the guests of the Dominion Coal Company, of which the Hon. 
David Mackeen is general manager. The party was here divided to 
gain the best results, one squad going with Prof. H. O. Hofman and 
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Mr. J. P. Lyon, for underground work of all kinds, to the Gowry Col- 
liery, of Cow Bay, of which Mr. A. M. Evans is superintendent; the 
other camping out with Professor Richards near the Victoria mines, of 
which Mr. T. J. Brown is superintendent. 

The Dominion Coal Company had a problem to solve in regard to 
which there has been some controversy, namely — Is the Mullins coal 
seam on Sydney Harbor the same as the Lingan seam of Indian Bay ? 
Messrs. Robb and Fletcher, of the Canadian Geological Survey, as 
well as Mr. Brown, claimed that these were not identical, while some 
local mining men claimed that they were the same. This problem 
looked full of difficult points to be determined,’and was, therefore, so 
attractive that it was undertaken, although much too extensive for the 
short time that could be given to it. From the data obtained, the 
accompanying map was made as a contribution towards the solution 
of this problem. 

In the survey, the members of the party worked in pairs, and only 
such work as gave evidence of being correct was accepted for the 
map. The error referred to at Station 17, which crept in in spite of 
watchfulness, was due to a misuse of one of the instruments, whereby 
three miles of map, from Station 17 to 33, had to be condemned. 
Later, when this work was repeated, it was found that some small 
boys had removed all the stakes, and, unfortunately, the map had not 
quite enough secondary check points to make good the loss. The 
error, however, affects the computations to a small degree only. 

The thickness of the coal seams was measured by foot-rule; that 
of the rock strata determined by measuring the distance upon the 
map at right angles to the strike between the important rocks, and 
multiplying this by the sine of the angle of dip. By this method 
a complete section of coal and rock thickness was obtained for the 
Victoria shore on the south side of the entrance to Sydney Harbor, 
from the Mullins seam to Low Point Light as far as the exposures 
could be seen, and also a second section on the Atlantic shore from 
Low Point Light around into Indian Bay. These two sections will 
be found drawn to scale, side by side upon the map. The coal seams 
are plotted in, according to the position of the seam at high water 
level. For example, the place given on the map for a seam on a hill 
will be to the north of the point on the ground, since the coal dips 
that way. 

The standard line of reference for the outcrops of the coal seam 
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was the Ross or David’s Head seam. This seam has been thoroughly 
proved, and for placing it on the map, the Victoria shore outcrop, the 
old and new Victoria mines, the Barasois Brook outcrop, the Ellwood, 
Ribby, and Grace farms, and the David's Head shore outcrop were 
available. Using this line as a basis, the other seams were drawn ap- 
proximately parallel to it, widening the space when the dip was light, 
narrowing it when the dip was heavy, the outcrops on the shore, etc., 
being used as starting points from which to draw the lines. 

In regard to the Lingan seam there were but two locations made, 
that in Indian Bay and that in Barasois Brook. The assumption that 
the Hugh McGilvary seam and the little one below it on the Victoria 
shore correspond to the Lingan seam is based, first, upon the fact that 
the Lingan seam has a clay parting in it, widening rapidly toward the 
west ; and, secondly, that the Hugh McGilvary seam does not seem 
large enough to correspond alone to the Lingan. With this assump- 
tion, the Victoria section and Lingan section agree very well both as 
to their larger and smaller seams. 

The Mullins seam was located at two points—one on the shore, 
one on the hill about a mile away. The remarkable change of dip, 
from 35° on the shore to 10° on the hill, makes it impossible to pre- 
dict where the high water line on this seam will be. The assumption 
is made that the average of 10° and 35° will be the dip at the shaft on 
the hill, and the high water line level is drawn accordingly. 

In regard to the problem to be solved, namely — Are the Lingan 
and Mullins seams identical? we know, first, that the Lingan seam plots 
all right to the Hugh McGilvary seam ; secondly, that under the Lin- 
gan seam there are a few little seams, including one of about 2} feet 
of coal, which correspond toa similar group under the Hugh McGilvary 
seam; and, thirdly, under both groups there is a very thick bed 
of shaly sandstone. This was measured on the Victoria side to be 
1,018 feet thick; on the Lingan side no measure could be made for 
lack of time, but the logic of the situation is quite clear. If the 
Lingan section agrees substantially with the Victoria section down 
to the Lingan seam, is it not probable that it will continue to do so, 
making the layer of sandy shale on the Lingan section as thick as its 
counterpart on the Victoria section ? 

Now, the Paddy Ryan seam, which is some three miles inland from 
the Lingan shore outcrop, may very well be the eastern counterpart 
of the Mullins seam, for the sandy shale, which is only about three 


~ 








| 
| 
| 
} 





372 Summer Instruction at the Institute. 





fourths of a mile from foot to hanging wall on the Victoria shore, 
where its dip is 35°, could, with no more thickness of strata, cover 
the distance of three miles at a dip varying from 13°, which it is at 
Lingan, to 2°, which is reported for Paddy Ryan seam, the exact dip 
required for a stratum 1,018 feet thick to cover three miles being 
3° 41’. It may be said, then, that all the data obtained point towards 
the Paddy Ryan and Mullins seams being identical, while it is clearly 
proved that the Lingan is not the same as the Mullins. 

Among the valuable experiences gained by the mining students in 
the Summer Schools of Mines, this experience in working out strati- 
graphical problems of veins and seams ranks very high. It gives him 
the practice in predicting where to look for ore and coal deposits, 
which is an important part of a mining engineer’s duties. The expe- 
rience in plane-table surveying is a great help to the students in two 
ways: it gives the student in the general mining course this handy, 
rapid method of making a map —for which the Institute course can- 
not provide —and it is of special value to the metallurgical student, 
because he here gains the principles of surveying, which are of neces- 
sity omitted from his course. 

The party met with the warmest and kindest reception from the 
officers of the Dominion Coal Company, among whom should be espe- 
cially mentioned Messrs. David Mackeen, J. W. Revere, J. S. McLen- 
nan, T. J. Brown, and A. M. Evans. Every facility was afforded to 
the party, although the company was hampered at the time by the 
construction of its new works. 


THE SUMMER SCHOOL OF ARCHITECTURE. 


Among European architectural clubs and associations the custom 
of spending a part of each season in short excursions to different 
towns and buildings of historical and architectural interest has been 
adopted for many years. Arranged necessarily in the summer months, 
these trips afford a most welcome relief from the confining duties of 
professional practice. 


To the architectural student such visits are of the greatest value. 
The pleasure and benefit derived from the close examination of actual 
structures, from the solution of the numerous questions which arise in 
efforts to trace the effects of peculiarities of plan and detail, and espe- 
cially from the spirit of good fellowship which always prevails in these 
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out-of-door rambles, cannot fail to stimulate the mind of the most in- 
different. When, as usually is the case, the visiting club is composed 
of young men thoroughly interested in all that may touch upon the 
many phases of historical architecture, the results obtained are not 
only highly satisfactory, but often of great historic interest. 

The true student of architecture is not content with a simple 
glance or slight inspection, but, with pencil, measure, and book in 
hand, jots down details, notes, and general dimensions, that in later 
ays the impression produced by the building visited may not be the 
only remembrance which he possesses. Often, also, these notes and 
rough sketches are rearranged or redrawn, and through the medium of 
either book or magazine are made still more valuable, since they then 
interest a large number of people. 

In America we are handicapped in such work by the absence of 
good examples of the architecture of past generations. The grand 
cathedrals and the smaller but not less interesting churches and 
houses of medizeval times are here entirely lacking. 

America, however, in its so-called “Colonial Architecture” possesses 
a class of buildings distinctly its own, which is not uninteresting or 
lacking in vitality. In the variations existing in the buildings erected 
in this country during the seventeenth, eighteenth, and early part of 
the nineteenth centuries we have an excellent opportunity for study. 
The simple and compact colonial house of the New England seaport 
town is not only quite different in character from the generous spaces 
and imposing fagades of the Southern mansion of the same period, 
but many changes can also be found in the buildings of even the 
quietest of the older New England villages. These peculiarities in 
the general scheme, in the use of material, and in the arrangement 
of detail can only be appreciated by actual observation and intimate 
study of the architecture of these localities. 

Taking into consideration, therefore, the historical value of these 
American buildings, the good results to be derived from serious in- 
spection of existing structures, and, above all, the great beauty and 
delicacy of much of the colonial detail, the study of this style seems 
to be peculiarly fitted to supplement the classic course pursued by 
the students of the Architectural Department of the Institute. 

During the spring of 1894 an opportunity was afforded for such 
study. On May 31 our party of sixteen left Boston for a three weeks’ 
study of the old buildings of Salem, Newburyport, and Portsmouth. 
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Thanks to the careful attentions of the officers of the Essex Insti- 
tute, guides and carriages were quickly provided for a ride about town, 
and the afternoon passed only too rapidly while we were visiting the 
houses of the merchant princes of the past century. This general 
view, including the counting-rooms of Derby Street, the colonial 
houses of Essex, Franklin, and Chestnut Streets, many localities re- 
membered for the distressing scenes of the witchcraft trials, and sev- 
cral places connected with the life of Hawthorne, gave us an excel- 
lent idea of the large number of interesting historical buildings which 
Salem still possesses. 

Our first day away from Boston fittingly closed with the reception 
courteously given us by the Essex Institute. During this evening 
our architectural studies were very pleasantly encouraged by the good 
wishes of interested friends, and we had opportunities for meeting 
many of the people who during the next week so kindly opened their 
houses to us. Next morning, after listening to a talk on Hawthorne 
by Mr. Cousins, and looking over his large collection of Salem photo- 
graphs, we visited the Nichols house (1798), the Whipple house, Ham- 
ilton Hall (1805), South Church (1804), Hodges house (1761), Wash- 
ington Hall, and the Market and Town House (1790). Then began 
the assignment of buildings to be sketched and measured. 

During the: following two weeks spent in these three old seaport 
towns, we obtained a great quantity of measured drawings, full size 
details, sketches and photographs, visiting and in part measuring over 
thirty buildings in Salem alone. Nevertheless the excellent colonial 
architecture in these towns was by no means completely recorded, 
and after such a fair beginning the completion of this work is much 
to be desired. 

Even in the short time which has elapsed since our visit, part of 
our work has proved to be of special historical interest, as one of the 
old buildings measured, the Timothy Orne house, Essex Street, Salem, 
erected in 1761, through the growth of the city has been so altered 
and changed for business purposes that nothing is now left of the 
excellent: interior woodwork, which had remained in place for one hun- 
dred and thirty years. 

Our longest stop was in Salem, but the few days spent at New- 
buryport and Portsmouth afforded an opportunity for a comparative 
view, at least, of the colonial architecture of these old towns. Both 
Newburyport and Portsmouth offer many excellent examples of brick 











Unitarnan Chureh 






Newburyport Mass 
Built Boo 










































4 
| 


— = 
[eg oe uosegeseuc! 























Doorwayir- 
( Entre fr 














l 





Detail of Pulpit 
Seeicssf Pet B Catery tin 8 1. Man mt 











DETAILS FROM UNITARIAN CHURCH, NEWBURYPORT. 
REDUCED FROM A SHEET 14” x 21’. 









































COLONIAL Doorway, 


DERBY STREET, SALEM. 








rea men rm 





te MOSES AEE 











Summer Instruction at the Institute. 375 
and wood residences dating from the last part of the eighteenth cen- 
tury. Several measured details and sketches were made of these 
houses, and a few water colors of the picturesque views along the 
water fronts, but the most serious work of the class was accom- 
plished in the hospitable city of Salem. 

The third week was spent at Boston in attempting to translate the 
mass of sketches and rough drawings made on the excursion, and in 
making careful stale drawings combining the most attractive frag- 
ments. Another year it is to be hoped that opportunity will be 
afforded for making the final drawings in the vicinity of the build- 
ings measured. 

As will be seen from the accompanying details from the Unitarian 
Church at Newburyport, parts of these finished drawings are made on 
a large scale in order to give the peculiarities of the moldings as well 
as the general proportions of the objects measured. To illustrate the 
attractive qualities of much of this old work a photograph, made by 
a member of the class from one of the old doorways of Salem, has also 
been inserted. 

On Wednesday and Saturday afternoons our architectural studies 
were turned in new directions, since, although naval architecture was 
not included in the prospectus of the course, the vessels lying in the 
harbors of these old New England towns were then examined with the 
greatest interest. The long sails taken on these afternoons afforded 
keen enjoyment to all, the Western men of the party being particularly 
fascinated by the deep sea motion, the fresh Atlantic breezes, and the 
salty stories of our Yankee skippers. 


SUMMER FIELDWORK IN MINERALOGY AND GEOLOGY. 


The party for summer fieldwork in mineralogy and geology, under 
the charge of Professor W. O. Crosby, spent a fortnight last July in 
visiting the mines and mineral lecalities of Nova Scotia, and in studying 
the geological formations of that province. Landing at Yarmouth, and 
proceeding thence by rail to Wolfville, Windsor, and Halifax, particu- 
lar attention was given, in passing, to the problems presented by the 
Annapolis Valley and the long line of the North Mountain which sepa- 
rates it from the Bay of Fundy. We saw very clearly that the valley 
is due to the relatively rapid erosion of the soft Triassic sandstone 
forming its floor, and that North Mountain is the outcropping edge 
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of a great sheet of trap interstratified with the sandstone, its level 
crest-line being best explained by regarding it as a remnant of an 
elevated peneplain. The continuation of this peneplain was found in 
the South Mountain on the other side of the valley. 

At Windsor we made as careful a study as the time would permit 
of the highly fossiliferous carboniferous strata along the Avon River. 
A valuable series of fossils was obtained here, and from the similar 
limestones near Truro, for use in the Geological Laboratory of the 
Institute. Many of these are singularly well preserved, even the most 
delicate parts being almost as perfect as in recent specimens. In the 
extensive and interesting gypsum quarries at Wentworth, near Wind- 
sor, we noted especially that the gypsum is merely a surface altera- 
tion of the underlying anhydrite, and that the alteration takes place 
in this way: Passing upward from the unaltered anhydrite, minute 
veinlets of gypsum first appear in it; these become more numerous, 
and widen and coalesce more and more, until the anhydrite is reduced 
to small isolated remnants which finally disappear, and the alteration 
is complete. The gypsum quarries also afford admirable examples of 
chemical erosion in consequence of the ready solubility of the gypsum. 

At Halifax we improved to the utmost the exceptionally good op- 
portunity for the study of local metamorphism presented by the con- 
tact between the Cambrian slates and a great boss of granite. The 
exposures are so continuous and satisfactory that we were able as we 
approached the granite to trace every step in the metamorphism of 
an ordinary clay slate into a highly crystalline mica schist. This 
proved also to be a very favorable locality for the study of glacial 
phenomena. The glacial stria and furrows are very distinct and 
perfect over the broad outcrops of metamorphic slate, and on the 
granitic area the perched and poised glacial erratics are a striking 
feature, the most notable of these being a rocking stone some twenty 
feet in diameter. 

The gold mines at Montague and Waverly were visited from Hali- 
fax, and both the geology and mineralogy of the auriferous veins re- 
ceived due attention. The conclusion was reached that the very 
remarkable contorted vein at Waverly, affording the so-called “barrel” 
quartz, is an important link in the evidence that the auriferous quartz 
veins of this region are exogenous in origin, and were not formed im 
preéxisting open fissures. 

At the Acadia Iron Mines in Londonderry we had an opportunity 
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for additional and very important paleontological work in the Subcar- 
boniferous limestone, and obtained a good series of iron ores from this 
and other sections of the province. The Acadia mines afford an un- 
usual variety of ores, but the chief ore, and the one giving character 
to the depgsits, is the coarsely crystalline ankerite, a triple and vari- 
able carbonate of calcium, magnesium, and iron. The geological his- 
tory of this great deposit of iron ore, which follows the base of the 
Cobequid Range for ten miles, we found to be, in outline, as follows: 
Contemporaneously with the deposition of the mud and sand which 
now form the inclosing slate and quartzite were deposited the car- 
bonates of iron, lime, and magnesia, which subsequently formed the 
ankerite. Then followed the disturbance and tilting of the strata and 
the eruption of great masses of diorite and granite, by’which the sed- 
imentary rocks and especially the iron ores were metamorphosed, the 
ankerite, as it was recrystallized, being deposited in all the cracks and 
fissures of the inclosing strata. The small proportion of limonite orig- 
inally mixed with the earthy carbonate was changed to specular hema- 
tite and magnetite. The deposit then remained essentially unchanged 
until erosion brought it within the reach of meteoric influences. The 
ferrous carbonate of the ankerite is now undergoing oxidation to 
limonite, and the hollow character of the limonite balls is due to 
the removal in solution of the associated calcium and magnesium 
carbonates. 


A week was spent on the Parrsboro shore, where the Triassic trap © 


sheets are so magnificently exposed, with their rich stores of miner- 
als, and the conditions are so favorable for studying the relations of 
the Triassic beds to the great Carboniferous series. Valuable collec- 
tions were made at Partridge Island, Wasson’s Bluff, Amethyst Cove, 
Cape d’Or, etc., and many instructive illustrations of previous work 
in dynamic and structural geology noted. 

The fieldwork closed with a visit to the celebrated section of the 
Carboniferous strata on the South Joggins shore. This is easily one 
of the most important geological sections in the world, and classic 
ground for the student of historical geology. We have here in. one 
continuous section nearly three miles in thickness of strata embrac- 
ing no fewer than seventy seams of coal, varying from a fraction of 
an inch to four feet in thickness, each seam having a floor of fire-clay 
and a roof of carbonaceous shales. Of special interest are the trunks 
of sigillaria and calamites standing perpendicular to the stratification 
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since they prove rapid deposition of the inclosing strata. Every layer 
of fire clay is a fossil soil, hence an ancient land surface. Every seam of 
coal is the compressed and carbonized vegetation that grew on that soil 
where the surface was of a marshy character. When a subsidence per- 
mitted the waves to wash mud over the marsh the formation of pure 
coal ceased, and there were formed instead the carbonaceous (coaly) 
shales covering the coal. And when the subsidence was sufficiently 
rapid the larger trees were buried to a depth of ten to twenty feet in 
mud and sand before they had time to decay and fall. This sequence 
of events was repeated over and over again during the formation of 
the Joggins strata. The extensive grindstone quarries and works at 
Lower Cove and the Joggins Coal Mine, 2,700 feet deep, also afforded 
us instructive and interesting experiences. 


SUMMER INSTRUCTION IN THE CLASS ROOMS AND LABORATORIES 
OF THE INSTITUTE. 


During a portion of the past summer vacation instruction was for 
the first time given in the lecture rooms and laboratories of the Insti- 
tute by members of its instructing force. These summer courses par- 
took of the character of private instruction, sanctioned by the Faculty, 
and were originated in the belief that students of the Institute having 
arrears at the close of the year would avail themselves of an opportu- 
nity to make up such deficiencies by summer work, in order that they 
might enter succeeding years unhampered by this necessity for extra 
labor. Students with clear records would be enabled, through this 
instruction, to acquaint themselves with subjects which, though not 
included in the schedules of their respective courses, might prove to 
be valuable helps in professional work. Still others, it was thought, 
might gain additional experience in professional work itself beyond 
that possible in the prescribed courses of the Institute. 

During June and July, 1894, courses of six weeks’ duration each 
were offered as follows: French'and German, by Professors van Daell 
and Dippold; Analytical Chemistry, by Professor Talbot ; General 
Chemistry, by Professor Bardwell; Organic Chemistry, by Dr. Evans ; 
Physics, by Mr. Wendell; Analytic Geometry and Integral Calculus, 
by Mr. George ; Descriptive Geometry, by Mr. C. M. Faunce. 

The students attending these courses represented every class for 














Summer Instruction at the Institute. 379 


whom the courses were designed, and the hearty way in which the 
work was carried on seemed to indicate a gratifying appreciation of 
the opportunities offered. The announcement of the list of subjects 
in which instruction would be given was necessarily delayed until the 
closing days of the Institute year, to which may-be attributed the fact 
that the attendance last summer was comparatively small. The intro- 
duction of these courses at this time was wholly tentative, but the 


results of the experiment seem to point to a successful future for 
summer instruction. 
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THE INSTITUTE AND THE STUDY OF THE PREVEN- 
TION OF LOSS BY FIRE2 


BosTON MANUFACTURERS’ MUTUAL FIRE INSURANCE Co. 


March, 1895. 
PRESIDENT FRANCIS A. WALKER. 


Dear Sir: In the conduct of the work of developing the science 
of preventing loss by fire, establishing the principles of mill construc- 
tion, and perfecting appliances for putting out fires, the work of the 
professors, graduates, and students of the Massachusetts Institute of 
Technology has been of paramount influence. The subjects which it 
has been necessary to investigate and by scientific methods to bring 
into common practice are many. 

1. Lubrication. The introduction of the mineral or paraffine oils 
has made a complete revolution in the matter of lubrication, doing 
away, so far as they are used, with the danger of spontaneous combus- 
tion, but subjecting factories to other hazards. The work of develop- 
ing this subject was intrusted to Professor John M. Ordway, and he was 
assisted by Mr. C. J. H. Woodbury, a student of the Institute and an 
employee of this compamy. Mr. Charles N. Waite, a graduate of the 
Institute, also did much valuable work in establishing the science of 
lubrication. One result of this investigation was the invention of the 
only existing machine for determining the coefficient of friction. The 
final result was a complete revolution in the distillation of oil, and an 
annual saving to the members of this company only, more than equal to, 
in fact many times in excess annually of the sum which you now ask 
from the State in order to maintain your present position. The influ- 
ence of this investigation has spread throughout the community, 
changing all the conditions and diminishing the hazard of fire. 

2. Other oils, animal and vegetable, which are made use of on 
wool and in other ways, ¢he science of oil if it may be so called, was 
investigated. Apparatus for getting up rapid oxidation, commonly 





! This statement was prepared for presentation to the Finance Committee of the House of 
Representatives by Edward Atkinson, Esq., President of the Boston Manufacturers’ Mutual 
Insurance Co. As no public hearing was given by the committee it was not used for this 
purpose. 
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called spontaneous combustion, was invented. The subject of the 
treatment of wool by naphtha for cleansing purposes, which is now 
becoming a very important factor, was thoroughly worked up by Mrs. 
Ellen H. Richards, and included in a report under date of May 5, 
1879. Tests for adulteration were established, and from that time to 
the present scarcely a month has passed without my being called 
upon to send examples of oil to Mrs. Richards to be passed upon on 
questions of safety, purity, and the like. 

3. Automatic sprinklers. In 1880 it became apparent to me that 
some new safeguard must be found to meet the increasing danger of 
high speed, rapidly oxidizing dye stuffs and other materials, and in- 
creasing floor areas. The automatic sprinkler had then been invented. 
It became necessary to.study the nature of the fusible solder or alloy 
used therein, to determine its durability, and to decide in advance what 
would be the effect of water sealed up for many years upon metals, in 
the expectation of its being released by the heat of a fire in thirty to 
sixty seconds. The investigation was complete. It was conducted 
in the metallurgical department, and exhaustive experiments were 
made by Mr. Woodbury. Subsequently the whole matter has been 
in the charge of Mr. John R. Freeman, a graduate of the Institute. 
There is no appliance in existence which has saved so much property 
from destruction, relatively to its cost, as this appliance. 

4. The friction of water in iron pipes, in leather and fabric hose, 
has been conducted mainly under the charge of Mr. John R. Freeman, 
and from these experiments the hydraulics of fire protection have been 
established upon a scientific basis. Standards of hose and of play 
pipes have been established under the name of the “ Underwriter 
Hose and Play Pipe.” Smooth weaving has been substituted for 
rough weaving in fabric hose, greatly diminishing friction, and there- 
fore lessening the danger of bursting the hose. The friction of water 
in iron pipes has been reduced to rules, which have enabled me to put 
before every member in simple terms the information by which a lay- 
out of a fire service can be readily made. The construction of the 
steam fire pump has also been greatly improved by Mr. Freeman, and 
the “Underwriter Pump” made on the specifications established by 
him is now the standard fire pump. 

5. Electricity has called for very serious attention, having been 
introduced in the factories under my charge before any general devel- 
opment had occurred. With the aid of Professor Cross and others, 
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graduates of the Institute, rules were established for installing electric 
plants, which have become the common rules throughout this country. 
They have been subject to variation with the development of the sci- 
ence, but no material change has been made. All the electric com- 
panies of repute have codperated with us, and our present inspector of 
electric plants is Mr. E. V. French, a graduate of the Institute. The 
advice of Professor William L. Puffer, of the Institute, has been of great 
value to us in keeping pace with the rapid changes in the electric arts 
and in guarding against the fire hazard therefrom. To-day we rely 
upon the electrical laboratories of the Institute for our most important 
electrical tests, and upon Professor Puffer as our consulting electrical 
expert. ; 

6. The system of slow burning or mill construction has been per- 
fected. It is now becoming the common practice all over the country 
in works and warehouses, even those that never come under the super- 
vision of the Factory Mutual Insurance Companies. In the develop- 
ment of this subject the tests of timber, made by Professor Lanza 
with the apparatus of the Institute, have served a most valuable 
purpose. 

7. Many substances which are used for the purpose of retarding 
fire — compounds, paints, etc. — have been tested at the Institute. 
The rubbish has been rejected and the useful kinds have been estab- 
lished. 

8. The whole subject of the covering of steam pipes and boilers 
was treated exhaustively by Professor John M. Ordway, and from the 
results of those tests new inventions have ensued to the great benefit 
of all steam users. 

g. The subject of glazing is under treatment. It is probable that 
hereafter factories and workshops will be glazed mainly with fine 
ribbed glass, diffusing the light and stopping the glare. The photo- 
metric measurements and the photographic images which have enabled 
me to develop this subject were made by Mr. Charles W. Hinman, 
a graduate of the Institute. Many other minor subjects have been 
dealt with, and there yet remains a great deal of work to be done. 

10. The conductivity of glass with respect to heat is under con- 
sideration. 

11. A joint undertaking to determine the science of bricks, mor- 
tars, and cements is under way, with the cooperation of Professor 
Shaler, of the Lawrence Scientific School. 
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12. The subject of smoke prevention is pressing for solution. 

13. The protection of iron and steel from heat and from rust, in 
buildings framed of these metals, is a subject of paramount impor- 
tance. 

It is possible that all this work could have been done had there not 
been a Massachusetts Institute of Technology, but it would have taken 
a very much longer period of time, with less assurance of true results. 

There are now in the service of the Factory Mutual Insurance 
Companies the following graduates and students of the Institute: 

Mr. Joseph P. Gray, vice-president of this company. 

Mr. John R. Freeman, chief of the Bureau of Inspections. 

Messrs. Waldo E. Buck, Loammi F. Baldwin, Frank L. Pierce, B. G. 
Buttolph, Macy S. Pope, Harry B. Burley, and E. V. French, inspect- 
ors and assistants. 

Mr. L. H. Kunhardt, head draftsman. 

Messrs. S. N. Braman, J. G. Morse, A. L. Kendall, F. M. Heer- 
mann, E. D. Pingree, and J. H. Howland, draftsmen. 

The outside experts to whom we frequently refer members for 
professional assistance are Messrs. Charles T. Main, C. W. Hinman, 
and Harvey S. Chase, graduates of the Institute. 

For myself I can only say that, never having enjoyed the training 
either of the university or of the technical school, I could never 
have developed even the conception of the science of preventing fires 
except for the support, aid, and instruction which I constantly derived 
during my long intercourse with the late William B. Rogers, whom it 
was my privilege to support for so many years in the early history 
of the school. 

If it will be of any service for me to appear before the Finance 
Committee on the application of the Institute of Technology for a 
little more State aid, I think it may be of great interest to them for 
me to develop these matters more fully in detail, and by reference to 
our various accounts to give them some idea of the magnitude of this 
work, which counts for a saving to the manufacturing community of 
this section in millions of dollars. 


Respectfully submitted, 


EDWARD ATKINSON. 
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graduates of the Institute, rules were established for installing electric 
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metric measurements and the photographic images which have enabled 
me to develop this subject were made by Mr. Charles W. Hinman, 
a graduate of the Institute. Many other minor subjects have been 
dealt with, and there yet remains a great deal of work to be done. 
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12. The subject of smoke prevention is pressing for solution. 

13. The protection of iron and steel from heat and from rust, in 
buildings framed of these metals, is a subject of paramount impor- 
tance. ' 

It is possible that all this work could have been done had there not 
been a Massachusetts Institute of Technology, but it would have taken 
a very much longer period of time, with less assurance of true results. 
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ors and assistants. 

Mr. L. H. Kunhardt, head draftsman. 

Messrs. S. N. Braman, J. G. Morse, A. L. Kendall, F. M. Heer- 
mann, E. D. Pingree, and J. H. Howland, draftsmen. 

The outside experts to whom we frequently refer members for 
professional assistance are Messrs. Charles T. Main, C. W. Hinman, 
and Harvey S. Chase, graduates of the Institute. 

For myself I can only say that, never having enjoyed the training 
either of the university or of the technical school, I could never 
have developed even the conception of the science of preventing fires 
except for the support, aid, and instruction which I constantly derived 
during my long intercourse with the late William B. Rogers, whom it 
was my privilege to support for so many years in the early history 
‘of the school. 

If it will be of any service for me to appear before the Finance 
Committee on the application of the Institute of Technology for a 
little more State aid, I think it may be of great interest to them for 
me to develop these matters more fully in detail, and by reference to 
our various accounts to give them some idea of the magnitude of this 
work, which counts for a saving to the manufacturing community of 
this section in millions of dollars. 
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Star Brass Manufacturing Co., 


BOSTON, MASS. 


OFFICE AND FACTORY, 31 LANCASTER ST. 





) Steam, Water and Vacuum 
Gages, 


WITH NON-CORROSIVE MOVEMENTS. 


tive Clocks, 


Sight Feed Lubricators and Oil Cups, 
Pop”? Safety Valves, and 


BOILER APPLIANCES IN GENERAL. 


CATALOGUE FURNISHED ON APPLICATION. 
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A. J. Wilkinson & Co., 


Importers, Manufacturers, and Dealers in 


Machinery & General Hardware, 
Machinists’ & Manufacturers’ Supplies. 


TOOLS FOR WOOD AND METAL WORKERS. 








180, 184, 188 Washington Street, and 


19, 23, 25 Devonshire Street, 
BOSTON, MASS. 





ABOT'S HINGLE 
‘REOSOTE TAINS. 


Re“ The Only Exterior Coloring 
3 fo That Does Not 
| nr gucaaal gum Mion, Blacken.’’ 
“HARTFORD: CT- - 
For samples on wood and book of sketches apply to 


SAMUEL CABOT, 70 Kilby Street, Boston, Mass., Sole Manufacturer. 
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ADVERTISMENTS. 





BUFF & BERGER, 


7 s . 
Improved Engineering & Surveying Instruments, 
9 PROVINCE COURT, BOSTON, MASS. 

They aim to secure in their instruments: ACCURACY OF DIVISION: SIM- 
PLICITY IN MANIPULATION; LIGHTNESS COMBINED WITH STRENGTH; 
ACHROMATIC TELESCOPE, WITH HIGH POWER; STEADINESS OF AD- 
JUSTMENTS UNDER VARYING TEMPERATURES; STIFFNESS TO AVOID 
ANY TREMOR, EVEN IN A STRONG WIND, AND THOROUGH WORKMAN- 
SHIP IN EVERY PART. 

Their instruments are in general use by the U. S. Government Engineers, Geologists and 
Surveyors, and the range of instruments as made by them for River, Harbor, City, Bridge, 
Tunnel, Railroad and Mining Engineering, as well as those made for Triangulation, Topo- 


graphical work and Land Surveying, etc., is larger than that of any other firm in the country. 
Illustrated Manual and Catalogue sent on application. 


COCHRANE CHEMICAL CO. 


55 KILBY STREET, BOSTON, 


MANUFACTURERS OF 








OIL VITRIOL, SULPHATE OF AMMONIA, EXTRACT OF INDIGO, 
MURIATIC ACID, AQUA AMMONIA, GLAUBER'S SALT, 
NITRIC ACIDS, SULPHATE OF SODA, ACETIC ACID, 
MURIATES OF TIN, STANNATE OF SODA, TIN CRYSTALS, 


MIXED ACID FOR NITRO GLYCERINE, CELLULOID, &c., 
And various other Chemicals. 
Business Founded 1849. Works at Everett, Mass, 


LOWE & REED, 1826. REED, CUTLER & CO., 1861. 


CUTLER BROG. & .GAz, 


WHOLESALE, IMPORTING AND JOBBING 


—~= DRUGGISTS =~ 


89 BROAD and 10 & 12 HAMILTON STREETS, 
Between 274 Franklin Street and 15: Milk Street, 


BOSTON . 


SIArPLEA 


INSULATED 
WIRES AND CABLES, 


RUBBER COVERED AND LINE WIRES, LEAD COVERED CABLES. 


SIMPLEX ELECTRICAL CO., 


75-81 Cornhill, BOSTON. 1137 Monadnock Block, CHICAGO. 
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THE STURTEVANT STEAM 
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OFFIC. ND WORKS: 


THE B. F. STURTEVANT C0, Jamaica PLAIN, BOSTON, MASS. 





THE ATLANTIC WORKS, 


INCORPORATED 1553. 
60 TO 76 BORDER STREET, EAST BOSTON, MASS. 


BUILDERS OF 


STEAMSHIPS, TOW BOATS, & STEAM YACHTS, 


Marine Engines, Boilers, Tanks, and General Machinery. 





REPAIRING OF EVERY DESCRIPTION. 
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~~ OUR NEW STORE_s+ 
Which we have opened in the 
GRUNDMANN STUDIOS, CLARENDON STREET, 


NEAR ST. JAMES AVENUE, 


Is conveniently located for our patrons in that vicinity. We 
carry there a complete line of 


ARCHITECTS’, DRAFTSMEN’S 
and ARTISTS’ MATERIALS, 


and a large assortment of 
Picture Mouldings. 


WADSWORTH, HOWLAND & CO. cxcorPoratzp), 


82 & 84 WASHINGTON STREET, BOSTON, MASS.; 
ALSO, SPRINGFIELD, AMESBURY AND CHICAGO. 





FROST & ADAMS 
BOSTON. 





DRAFTING INSTRUMENTS OF ALL KINDS. 


Drawing Paper, Tracing Paper, Tracing Cloth, Triangles, Curves, T Squares. 
ARTISTS’ MATERIALS OF EVERY DESCRIPTION, 
Oil Colors, Water Colors, Fine Brushes, Sketch Blocks, Canvas, Easels, etc. 
* * PICTURE F-RAZING #* *# 


FROST & ADAMS - - 87 Cornhill, Boston. 


Send for Illustrated Catalogue. Special Terms to Students. 
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THE. DEANE 
OF HOLYOKE 


PUMPING MACHINERY. 


04.98: 





























SINGLE, DUPLEX, TRIPLEX, 
COMPOUND, AND TRIPLE EXPANSION. 





THE DEANE STEAM. PUMP Co. 
HOLYOKE, MASS. BOSTON OFFICE, 54 OLIVER ST. 
NEW YORK. PHILADELPHIA. CHICAGO. 


WRITE FOR CIRCULARS. 











tie 


a 
Sa 
3 
& 
*y 
ong 
F 
4 
ae 
aa 
st 
2 
ze 
oe 
- 
tes 
ay 


eu 











MYM MMM 


The Standard for All. 
be eas Sa 


Columbia 
Bicycles 


Highest Quality of All. 


Have you feasted your eyes upon 
the beauty and grace of the 1895 
Columbias? Have you tested and 
compared them with all others? 
Only by such testing can you know 
how fully the Columbia justifies its 
roud title of the ‘‘Standard for the 
orld.” Any model or equipment 
your taste may require, $100 
€ EEE 








POPE MFG. CO. 
HARTFORD, Conn. 
Boston, New York, 
Chicago, San Francisa, 
Providence, Buffalo. 
An Art Catalogue of these 
famous wheelsand of Hart- 
fords, $80 $60, free at Colum- 


bia agencies, or mailed for 
two 2-cent stamps, 
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ESTABLISHED 1879. INCORPORATED 1892. 


FRANKLIN EDUCATIONAL COMPANY, 


FJmporters, Manufacturers, 
and Publishers. 


AGENTS FOR THE LEADING EUROPEAN MANUFACTURERS. 
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Zeiss, Nachet, and Leitz Microscopes, 
MICROSCOPE ACCESSORIES AND MATERIAL, READING 
GLASSES, OPERA GLASSES, LABORATORY 
SUPPLIES OF ALL KINDS. 





SEND FOR CATALOGUES. 





BOSTON AND CHICAGO. 








